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Molecular Imaging and Radionuclide Therapy (formerly Turkish Journal of Nuclear
Medicine) is the official publication of Turkish Society of Nuclear Medicine.

Focus and Scope

Molecular Imaging and Radionuclide Therapy (Mol Imaging Radionucl Ther, MIRT)
is a double-blind peer-review journal published in English language. It publishes
original research articles, invited reviews, editorials, short communications, letters,
consensus statements, guidelines and case reports with a literature review on the
topic, in the field of molecular imaging, multimodality imaging, nuclear medicine,
radionuclide therapy, radiopharmacy, medical physics, dosimetry and radiobiology.
MIRT is published three times a year (February, June, October). Audience:
Nuclear medicine physicians, medical physicists, radiopharmaceutical scientists,
radiobiologists.

The editorial policies are based on the "Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in Medical Journals (ICMJE
Recommendations)” by the International Committee of Medical Journal Editors
(20186, archived at http://www.icmje.org/) rules.

Molecular Imaging and Radionuclide Therapy is indexed in Pubmed, Pubmed
Central (PMC), Emerging Sources Citation Index (ESCI), TUBITAK-ULAKBIM,
DOAJ, Scopus, Gale/Cengage Learning, EBSCO databases, Embase, ProQuest
Health & Medical Complete, CINAHL, Index Copernicus, J-Gate, IdealOnline,
ROOT INDEXING, Tiirkiye Atif Dizini-Turkiye Citation Index, Turk Medline,
EuroPub, Hinari, GOALI, ARDI, OARE and AGORA.

Open Access Policy

This journal provides immediate open access to its content on the principle that
making research freely available to the public supports a greater global exchange
of knowledge.

Open Access Policy is based on rules of Budapest Open Access Initiative (BOAI)
(http://www.budapestopenaccessinitiative.org/). By "open access" to [peer-
reviewed research literature], we mean its free availability on the public internet,
permitting any users to read, download, copy, distribute, print, search, or link to
the full texts of these articles, crawl them for indexing, pass them as data to
software, or use them for any other lawful purpose, without financial, legal, or
technical barriers other than those inseparable from gaining access to the internet
itself. The only constraint on reproduction and distribution, and the only role for
copyright in this domain, should be to give authors control over the integrity of
their work and the right to be properly acknowledged and cited.

Subscription Information

Manuscripts can only be submitted electronically through the Journal Agent
website (http://www.journalagent.com/mirt/?plng=eng) after creating an account.
This system allows online submission and review.

All published volumes in full text can be reached free of charge through the
website http://mirt.tsnmjournals.org

Copyight Statement

Turkish Society of Nuclear Medicine holds the international copyright of all the
content published in the journal.

Republication and reproduction of images or tables in any published material should
be done with proper citation of source providing authors names; article title; journal
title; year (volume) and page of publication; copyright year of the article.

The author(s) hereby affirms that the manuscript submitted is original, that all
statement asserted as facts are based on author(s) careful investigation and
research for accuracy, that the manuscript does not, in whole or part, infringe
any copyright, that it has not been published in total or in part and is not being
submitted or considered for publication in total or in part elsewhere.

Completed Copyright Statement form should be submitted to the online article
system.

By signing this form,

1. Each author acknowledge that he/she participated in the work in a substantive
way and is prepared to take public responsibility for the work.

2. Each author further affirms that he or she has read and understands the "Ethical
Guidelines for Publication of Research"

3. The author(s), in consideration of the acceptance of the manuscript for
publication, does hereby assign and transfer to the Molecular Imaging and
Radionuclide Therapy all of the rights and interest in and the copyright of the
work in its current form and in any form subsequently revised for publication and/
or electronic dissemination.

This work is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.

Instructions for Authors

Instructions for authors are published in the journal and on the website http://
mirt.tsnmjournals.org

Material Disclaimer

Scientific and legal responsibilities pertaining to the papers belong to the authors.
Contents of the manuscripts and accuracy of references are also the author's
responsibility. The Turkish Society of Nuclear Medicine, the Editor, the Editorial Board
or the publisher do not accept any responsibility for opinions expressed in articles.

Financial expenses of the journal are covered by Turkish Society of Nuclear
Medicine.
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Molecular Imaging and Radionuclide Therapy (Mol Imaging Radionucl Ther,
MIRT) publishes original research articles, short communications, invited reviews,
editorials, case reports with a literature review on the topic, interesting images,
consensus statements, guidelines, letters in the field of molecular imaging,
multimodality imaging, nuclear medicine, radionuclide therapy, radiopharmacy,
medical physics, dosimetry and radiobiology. MIRT is published by the Turkish
Society of Nuclear Medicine three times a year (February, June, October).
Molecular Imaging and Radionuclide Therapy does not charge any article
submission or processing fees.

GENERAL INFORMATION

MIRT commits to rigorous peer review, and stipulates freedom from commercial
influence, and promotion of the highest ethical and scientific standards in
published articles. Neither the Editor(s) nor the publisher guarantees, warrants
or endorses any product or service advertised in this publication. All articles are
subject to review by the editors and peer reviewers. If the article is accepted
for publication, it may be subjected to editorial revisions to aid clarity and
understanding without changing the data presented.

Manuscripts must be written in English and must meet the requirements of the
journal. The journal isin compliance with the uniform requirements for manuscripts
submitted to biomedical journals published by the International Committee of
Medical Journal Editors (NEJM 1997; 336:309-315, updated 2016). Manuscripts
that do not meet these requirements will be returned to the author for necessary
revision before the review. Authors of manuscripts requiring modifications have a
maximum of two months to resubmit the revised text. Manuscripts returned after
this deadline will be treated as new submissions.

It is the authors' responsibility to prepare a manuscript that meets ethical criteria. The
Journal adheres to the principles set forth in the Helsinki Declaration October 2013
(https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-
for-medical-research-involving-human-subjects/) and holds that all reported
research involving "Human beings" conducted in accordance with such principles.
Reports describing data obtained from research conducted in human participants
must contain a statement in the MATERIALS AND METHODS section indicating
approval by the ethical review board (including the approval number) and
affirmation that INFORMED CONSENT was obtained from each participant.

All manuscripts reporting experiments using animals must include a statement
in the MATERIALS AND METHODS section giving assurance that all animals have
received humane care in compliance with the Guide for the Care and Use of
Laboratory Animals (www.nap.edu) and indicating approval by the ethical review
board.

If the study should have ethical approval, authors asked to provide ethical
approval in order to proceed the review process. If they provide approval, review
of the manuscript will continue.

In case report(s) and interesting image(s) a statement regarding the informed
consent of the patients should be included in the manuscript and the identity of
the patient(s) should be hidden.

Subjects must be identified only by number or letter, not by initials or names.
Photographs of patients’ faces should be included only if scientifically relevant.
Authors must obtain written consent from the patient for use of such photographs.
In cases of image media usage that potentially expose patients' identity requires

obtaining permission for publication from the patients or their parents/guardians.
If the proposed publication concerns any commercial product, the author
must include in the cover letter a statement indicating that the author(s) has
(have) no financial or other interest with the product or explaining the nature
of any relations (including consultancies) between the author(s) and editor the
manufacturer or distributor of the product.

All submissions will be screened by Crossref Smilarity Check powered by
"iThenticate". Manuscripts with an overall similarity index of greater than 25%, or
duplication rate at or higher than 5% with a single source will be returned back
to authors.

MANUSCRIPT CATEGORIES

1. Original Articles

2. Short Communications are short descriptions of focused studies with important,
but very straightforward results.

3. Reviews address important topics in the field. Authors considering the submission
of uninvited reviews should contact the editor in advance to determine if the
topic that they propose is of current potential interest to the Journal. Reviews
will be considered for publication only if they are written by authors who have at
least three published manuscripts in the international peer reviewed journals and
these studies should be cited in the review. Otherwise only invited reviews will be
considered for peer review from qualified experts in the area.

4. Editorials are usually written by invitation of the editor by the editors on current
topics or by the reviewers involved in the evaluation of a submitted manuscript
and published concurrently with that manuscript.

5. Case Report and Literature Reviews are descriptions of a case or small number of
cases revealing a previously undocumented disease process, a unique unreported
manifestation or treatment of a known disease process, unique unreported
complications of treatment regimens or novel and important insights into a
condition’s pathogenesis, presentation, and/or management. The journal's policy
is to accept case reports only if it is accompanied by a review of the literature on
the related topic. They should include an adequate number of images and figures.
6. Interesting Image

One of the reqular parts of Molecular Imaging and Radionuclide Therapy is
a section devoted to interesting images. Interesting image(s) should describe
case(s) which are unique and include interesting findings adding insights into the
interpretation of patient images, a condition's pathogenesis, presentation, and/
or management.

7. Consensus Statements or Guidelines may be submitted by professional societies.
All such submissions will be subjected to peer review, must be modifiable in
response to criticisms, and will be published only if they meet the Journal's usual
editorial standards.

8. Letters to the Editor may be submitted in response to work that has been
published in the Journal. Letters should be short commentaries related to specific
points of agreement or disagreement with the published work.

Note on Prior Publication

Articles are accepted for publication on the condition that they are original,
are not under consideration by another journal, or have not been previously
published. Direct quotations, tables, or illustrations that have appeared in
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copyrighted material must be accompanied by written permission for their use
from the copyright owner and authors. Materials previously published in whole or
in part shall not be considered for publication. At the time of submission, authors
must report that the manuscript has not been published elsewhere. Abstracts or
posters displayed at scientific meetings need not be reported.

MANUSCRIPT SUBMISSION PROCEDURES

MIRT only accepts electronic manuscript submission at the web site http://
www.journalagent.com/mirt/. After logging on to the website Click the ‘online
manuscript submission’ icon. All corresponding authors should be provided with a
password and a username after entering the information required. If you already
have an account from a previous submission, enter your username and password
to submit a new or revised manuscript. If you have forgotten your username and/
or password, please send an e-mail to the editorial office for assistance. After
logging on to the article submission system please read carefully the directions of
the system to give all needed information and attach the manuscript, tables and
figures and additional documents.

All Submissions Must Include:

1.Completed Copyright Assignment & Disclosure of Potential Conflict of
Interest Form; This form should be downloaded from the website (provided in
the author section), filled in thoroughly and uploaded to the website during the
submission.

2. All manuscripts describing data obtained from research conducted in human
participants must be accompanied with an approval document by the ethical
review board.

3.All manuscripts reporting experiments using animals must include approval
document by the animal ethical review board.

4. All submissions must include the authorship contribution form which is signed
by all authors.

Authors must complete all online submission forms. If you are unable to
successfully upload the files please contact the editorial office by e-mail.

MANUSCRIPT PREPARATION

General Format

The Journal requires that all submissions be submitted according to these
guidelines:

® Text should be double spaced with 2.5 cm margins on both sides using 12-point
type in Times Roman font.

e All tables and figures must be placed after the text and must be labeled.

e Each section (abstract, text, references, tables, figures) should start on a separate
page.

e Manuscripts should be prepared as a word document (*.doc) or rich text format
(*.rtf).

® Please make the tables using the table function in Word.

® Abbreviations should be defined in parenthesis where the word is first mentioned
and used consistently thereafter.

® Results should be expressed in metric units. Statistical analysis should be done
accurately and with precision. Please consult a statistician if necessary.

® Authors' names and institutions should not be included in the manuscript text
and should be written only in the title page.

Title Page

The title page should be a separate form from the main text and should include
the following:

e Full title (in English and in Turkish). Turkish title will be provided by the editorial
office for the authors who are not Turkish speakers.

® Authors' names and institutions.

® Short title of not more than 40 characters for page headings.

e At least three and maximum eight keywords. (in English and in Turkish). Do
not use abbreviations in the keywords. Turkish keywords will be provided by the
editorial office for the authors who are not Turkish speakers. If you are not a
native Turkish speaker, please reenter your English keywords to the area provided
for the Turkish keywords. English keywords should be provided from http://www.
nim.nih.gov/mesh (Medical Subject Headings) while Turkish keywords should be
provided from http://www.bilimterimleri.com.

e Word count (excluding abstract, figure legends and references).

e Corresponding author's e-mail and address, telephone and fax numbers.

® Name and address of person to whom reprint requests should be addressed.
Original Articles

Authors are required to state in their manuscripts that ethical approval from an
appropriate committee and informed consents of the patients were obtained.
Original Articles should be submitted with a structured abstract of no more than
250 words. All information reported in the abstract must appear in the manuscript.
The abstract should not include references. Please use complete sentences for all
sections of the abstract. Structured abstract should include background, objective,
methods, results and conclusions. Turkish abstract will be provided by the editorial
office for the authors who are not Turkish speakers. If you are not a native Turkish
speaker, please reenter your English abstract to the area provided for the Turkish
abstract.

- Introduction

- Materials and Methods

- Results

- Discussion

- Study Limitations

- Conclusion

May be given for contributors who are not listed as authors, or for grant support
of the research.

References should be cited in numerical order (in parentheses) in the text and
listed in the same numerical order at the end of the manuscript on a separate page
or pages. The author is responsible for the accuracy of references. Examples of
the reference style are given below. Further examples will be found in the articles
describing the Uniform Requirements for Manuscripts Submitted to Biomedical
Journals (Ann Intern Med.1988; 208:258-265, Br Med J. 1988; 296:401-405).
The titles of journals should be abbreviated according to the style used in the
Index Medicus. Journal Articles and Abstracts: Surnames and initials of author's
name, title of the article, journal name, date, volume number, and pages. All
authors should be listed regardless of number. The citation of unpublished papers,
observations or personal communications is not permitted. Citing an abstract is
not recommended. Books: Surnames and initials of author's names, chapter title,
editor's name, book title, edition, city, publisher, date and pages.
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Sample References

Journal Article: Sayit E, Soylev M, Capa G, Durak I, Ada E, Yilmaz M. The role of
technetium-99m-HMPAO-labeled WBC scintigraphy in the diagnosis of orbital
cellulitis. Ann Nucl Med 2001;15:41-44.

Erselcan T, Hasbek Z, Tandogan I, Gumus C, Akkurt I. Modification of Diet in Renal
Disease equation in the risk stratification of contrast induced acute kidney injury
in hospital inpatients. Nefrologia 2009 doi: 10.3265/Nefrologia.2009.29.5.5449.
en.full.

Article in a journal published ahead of print: Ludbrook J. Musculovenous pumps
in the human lower limb. Am Heart J 2009;00:1-6. (accessed 20 February 2009).
Lang TF, Duryea J. Peripheral Bone Mineral Assessment of the Axial Skeleton:
Technical Aspects. In: Orwoll ES, Bliziotes M (eds). Osteoporosis: Pathophsiology
and Clinical Management. New Jersey, Humana Pres Inc, 2003;83-104.

Books: Greenspan A. Orthopaedic Radiology a Pratical Approach. 3th ed.
Philadelphia, Lippincott Williams Wilkins 2000, 295-330.

Website: Smith JR. ‘Choosing Your Reference Style', Online Referencing 2(3),
http://orj.sagepub.com (200, accessed October 2008).

- Tables

Tables must be constructed as simply as possible. Each table must have a concise
heading and should be submitted on a separate page. Tables must not simply
duplicate the text or figures. Number all tables in the order of their citation in the
text. Include a title for each table (a brief phrase, preferably no longer than 10 to
15 words). Include all tables in a single file following the manuscript.

- Figure Legends

Figure legends should be submitted on a separate page and should be clear and
informative.

- Figures

Number all figures (graphs, charts, photographs, and illustrations) in the order of
their citation in the text. At submission, the following file formats are acceptable:
Al, EMF, EPS, JPG, PDF, PPT, PSD, TIF. Figures may be embedded at the end of the
manuscript text file or loaded as separate files for submission. All images MUST be
at or above intended display size, with the following image resolutions: Line Art
800 dpi, Combination (Line Art + Halftone) 600 dpi, Halftone 300 dpi. Image files
also must be cropped as close to the actual image as possible.

Short Communications:

Short communications should be submitted with a structured abstract of no more
than 200 words. These manuscripts should be no longer than 2000 words, and
include no more than two figures and tables and 20 references. Other rules which
the authors are required to prepare and submit their manuscripts are the same as
described above for the original articles.

Invited Review Articles:

- Title page (see above)

- Abstract: Maximum 250 words; without structural divisions; in English and in
Turkish . Turkish abstract will be provided by the editorial office for the authors
who are not Turkish speakers. If you are not a native Turkish speaker, please reenter
your English abstract to the area provided for the Turkish abstract.

- Text

- Conclusion

- Acknowledgements (if any)

- References

Editorial:

- Title page (see above)

- Abstract: Maximum 250 words; without structural divisions; in English and in
Turkish. Turkish abstract will be provided by the editorial office for the authors
who are not Turkish speakers. If you are not a native Turkish speaker, please re
enter your English abstract to the area provided for the Turkish abstract.

- Text

- References

Case Report and Literature Review

- Title page (see above)

- Abstract: Approximately 100-150 words; without structural divisions; in English
and in Turkish. Turkish abstract will be provided by the editorial office for the
authors who are not Turkish speakers. If you are not a native Turkish speaker,
please re-enter your English abstract to the area provided for the Turkish abstract.
- Introduction

- Case report

- Literature Review and Discussion

- References

Interesting Image:

No manuscript text is required. Interesting Image submissions must include the
following:

Title Page: (see Original article section)

Abstract: Approximately 100-150 words; without structural divisions; in English
and in Turkish. Turkish abstract will be provided by the editorial office for the
authors who are not Turkish speakers. If you are not a native Turkish speaker,
please re-enter your English abstract to the area provided for the Turkish abstract.
Image(s): The number of images is left to the discretion of the author. (See Original
article section)

Figure Legend: Reference citations should appear in the legends, not in
the abstract. Since there is no manuscript text, the legends for illustrations
should be prepared in considerable detail but should be no more than 500
words total. The case should be presented and discussed in the Figure legend
section.

References: Maximum eight references (see original article section).

Letters to the Editor:

- Title page (see above)

- Short comment to a published work, no longer than 500 words, no figures or
tables.

- References no more than five.

Consensus Statements or Guidelines: These manuscripts should typically be no
longer than 4000 words and include no more than six figures and tables and 120
references.

Proofs and Reprints
Proofs and a reprint orders are sent to the corresponding author. The author
should designate by footnote on the title page of the manuscript the name and
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address of the person to whom reprint requests should be directed. The manuscript
when published will become the property of the journal.

Archiving

The editorial office will retain all manuscripts and related documentation
(correspondence, reviews, etc.) for 12 months following the date of publication
or rejection.

Submission Preparation Checklist

As part of the submission process, authors are required to check off their
submission's compliance with all of the following items, and submissions may be
returned to authors that do not adhere to these guidelines.
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The Role of '®F-FDOPA PET/CT in Recurrent Medullary Thyroid
Cancer Patients with Elevated Serum Calcitonin Levels

Serum Kalsitonin Yuksekligi Bulunan Rekdrren Meddller Tiroid Kanseri Hastalarinda
"SF-FDOPA PET/BT'nin Rolu

® Mine Araz!, ® Cigdem Soydal!, ® Ozgiir Demir2, ® Mustafa Kiirsat Gokcan3, ® Nuriye Ozlem Kiigiik!

I Ankara University Faculty of Medicine, Department of Nuclear Medicine, Ankara, Turkey
2Ankara University Faculty of Medicine, Department of Endocrinology and Metabolism, Ankara, Turkey
3Ankara University Faculty of Medicine, Department of Otorhinolaryngology and Head and Neck Surgery, Ankara, Turkey

Abstract

Obijectives: To evaluate the diagnostic performance of "®F-dihydroxyphenylalanine (FDOPA) positron emission tomography/computed tomography
(PET/CT) in the detection of medullary thyroid carcinoma (MTC) recurrence in patients with elevated calcitonin levels.

Methods: The patients who had undergone '®F-FDOPA PET/CT imaging for elevated calcitonin levels after primary surgery of MTC were included
in the study. addition, if available "®F-fluorodeoxyglucose (FDG) PET/CT and Gallium-68 (®*Ga) DOTATATE PET/CT images of the patients were
evaluated retrospectively. The sensitivity and diagnostic performance of '®F-DOPA PET/CT were investigated.

Results: A total of 14 patients (9 F and 5 M; median age: 45) were included in the analysis. Three patients had MEN IIA syndrome and 1 patient
had MEN IIB syndrome, 10 patients had a diagnosis of sporadic MTC. Median calcitonin levels of the patients were calculated as 757.5 (min-max:
28.5-7911) pg/mL. Nine patients and 5 patients had undergone ultrasound and contrast-enhanced computed tomography (ceCT) of the neck,
respectively, before "8F-FDOPA PET/CT imaging. '®F-FDOPA PET/CT revealed pathological uptake in the thyroid bed, lymph nodes, and distant
organs in three, five and two patients, respectively. Median maximum standardized uptake value for the recurrent or metastatic lesions were
calculated as 6.4 (min-max: 1.9-18.4). The sensitivity of '*F-FDOPA PET/CT in the detection of recurrent disease was calculated as 64%. Eight
patients had *Ga-DOTATATE PET/CT and 7 of them had '®F-FDG PET/CT within 3 months period before '8F-FDOPA PET/CT. "®F-FDOPA PET/CT
revealed recurrent disease in 4 of 5 and 2 of the 5 patients who had negative "®F-FDG PET/CT and negative %Ga- DOTATATE PET/CT, respectively.
Conclusion: '8F-FDOPA PET/CT can detect recurrence in about two- thirds of patients with elevated calcitonin levels after primary surgery for MTC.
Due to variable differentiation degree, different receptor status, and clinical behavior of MTC, all three radiopharmaceuticals can be beneficial and
are complementary to each other in patient management.

Keywords: Medullary thyroid cancer, PET/CT, '8F-FDOPA, calcitonin

0z
Amagc: Serum Kkalsitonin yiksekligi bulunan meddller tiroid kanseri (MTK) tanili hastalarda rekurrensin saptanmasinda '#F-dihidroksifenilalanin
(FDOPA\) pozitron emisyon tomografisi/bilgisayarli tomografinin (PET/BT) performansinin degerlendirilmesidir.

Yontem: Primer MTK cerrahisi sonrasinda ylksek kalsitonin diizeyi olan ve "®F-FDOPA PET/BT uygulanmis olan hastalar calismaya dahil edildi. Ek
olarak, eger varsa '®F-florodeoksiglukoz (FDG) PET/BT ve Galyum-68 (**Ga)-DOTATATE PET/BT bulgulari da retrospektif olarak degerlendirildi.'®F-
FDOPA PET/BT'nin duyarliigi ve tanisal performansi arastirildi.
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Bulgular: Toplam 14 hasta (9 K, 5 E, medyan yas: 45) analize dahil edildi. Ug hastada MEN IIA, 1 hastada MEN IB sendromu, 10 hastada sporadik
MTK mevcuttu. Hastalarin medyan kalsitonin seviyeleri 757,5 (min-maks: 28.5-7911) pg/mL bulundu. '8F-FDOPA PET/BT gorlinttlemesinden énce
9 hastaya boyun ultrasonu, 5 hastaya kontrastll boyun BT uygulanmisti. '®F-FDOPA PET/BT'de 3 hastada tiroid yataginda nuks, 5 hastada lenf
nodu metastazi ve 2 hastada uzak metastaz saptandi. Reklrren veya metastatik lezyonlarda medyan maksimum standartlastirilmis alim degeri: 6,4
(min-maks: 1,9-18,4) olarak hesaplandi. Rekurren hastaligin saptanmasinda '8F-FDOPA PET/BT'nin duyarliigi %64 bulundu. '8F-FDOPA PET/BT'den
onceki 3 ay icerisinde 8 hastanin ®Ga-DOTATATE, 7 hastanin '®F-FDG PET/BT goruntilemeleri mevcuttu. '®F-FDOPA PET/BT, negatif '®F-FDG PET/
BT'si olan 5 hastanin 4'linde ve negatif ®Ga-DOTATATE PET/BT'si olan 5 hastanin 2'sinde reklrren hastaligi gosterdi.

Sonug: "8F-FDOPA PET/BT, MTK icin primer cerrahi sonrasi ylksek kalsitonin dlzeyi bulunan hastalarin yaklasik 2/3'tinde rekirrens saptayabilir.
Tiroid mediller karsinomunun degisken diferansiyasyon derecesi, farkli reseptor durumu ve klinik davranisina bagl olarak, her ¢ radyofarmasotik

de hasta yonetiminde faydali olabilir ve birbirine tamamlayicidir.

Anahtar kelimeler: Meddiller tiroid kanseri, PET/BT, "®F-FDOPA, kalsitonin

Introduction

Medullary thyroid carcinoma (MTC) is a neuroendocrine
tumor of the thyroid gland, originating from parafollicular
C-cells with a frequency of 5% among all thyroid cancers.
Sporadic (75%) and familial (25%) forms have been defined
(1). The only curative therapy for medullary thyroid cancer
is total resection of the primary tumor and metastatic
lesions, and the prognosis is strongly related to the
performance of surgery (2). However, despite all aggressive
and effective surgeries performed, persistent or recurrent
disease is commonly seen during medullary thyroid cancer.
Serum calcitonin and carcinoembryonic antigen (CEA) are
the tumor markers that are used in the follow-up. CEA has
also been reported to be as a marker of dedifferentiation
(1,3).

Biochemical recurrence necessitates accurate detection
of the recurrent or the metastatic focus. In patients with
increased serum calcitonin and/or CEA levels in the follow-
up, a thorough examination and imaging of the whole
body is crucial because early detection of recurrent disease
enables clinicians and surgeons to perform effective
surgeries, local or systemic therapies of the limited disease.
With ultrasonography of the neck, computed tomography
(CT) of the thorax, abdomen, and pelvis are usually
performed for the detection of recurrence. When the levels
of serum calcitonin exceeded 150 pg/mL, radionuclide
whole-body imaging methods are also indicated because
distant metastasis is likely (1,3,4).

Positron ~ emission  tomography  (PET)/CT  with
8F-fluorodeoxyglucose (FDG) is the most common
radionuclide imaging tool in oncology. However, it has
been reported that the performance of "F-FDG PET/
CT is highly related to serum calcitonin levels and is
recommended for cases with serum calcitonin >500-1000
(5). Alternative tracers using different uptake pathways
have been tested. Somatostatin receptor imaging with
(Gallium-68) %8Ga labeled somatostatin analogs (DOTATATE,
DOTATOC or DOTANOC) and '8F-dihydroxyphenylalanine

(FDOPA) have been proposed for restaging in case of
biochemical recurrence. Being a cyclotrone-produced
radiopharmaceutical, which can be highly expensive,
'8F-FDOPA is not easily maintained throughout the world
and the literature is still a lack of data about the role of
"8F-FDOPA PET/CT in medullary thyroid cancer, a relatively
rare tumor type of thyroid.

In this study, we evaluated the role of '®F-FDOPA PET/CT
in the detection of recurrence in medullary thyroid cancer
patients with elevated serum calcitonin levels.

Materials and Methods

Patients

This retrospective study was approved by the Ankara
University Review Board (approval no: i7-522-21, date:
06.09.2021). Medullary thyroid cancer patients who were
referred to the nuclear medicine department for '®F-FDOPA
PET/CT between January 2018 and January 2021 were
included in the study. Inclusion criteria were i) >18 years
old male or females with histopathologically confirmed
medullary thyroid cancer diagnosis after thyroidectomy, ii)
elevated levels of serum calcitonin in the follow-up after
surgery for primary tumor, iii) clinical follow-up results of
at least 2 years for confirmation of recurrence. Exclusion
criteria were, i) age <18 years, ii) history of secondary
malignancy, iii) lack of clinical follow-up.

8F-FDOPA PET/CT Protocol and Image Interpretation

Premedication with carbidopa was not performed. Following
a minimum of 4 h fasting, 2 to 4 MBqg/kg of '®F-FDOPA was
intravenously administered by slow injection. Whole-body
PET/CT images from the vertex to the upper thigh were
obtained 60 min after radiopharmaceutical injection by
using a hybrid PET/CT scanner (GE Discovery 710, General
Electric Company, USA). PET images were acquired for
2 min per bed position. PET images were reconstructed
with non-contrast low-dose CT images. CT images were
obtained with a standardized protocol of 140 kV, 70 mA,
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tube rotation time of 0.5 s per rotation, a pitch of 6 and a
slice thickness of 5 mm. Patients were allowed to breathe
normally during the procedure. Attenuation-corrected
PET/CT fusion images were reviewed in three planes
(transaxial, coronal and sagittal) on Advanced Workstation
Volumeshare 5 (GE Medical Systems).

AllPET/CT images were reevaluated by two nuclear medicine
specialists with consensus. Any area of focal uptake higher
than the adjacent background activity outside the areas
of physiological distribution of the radiotracer with a
corresponding nodular lesion on CT were considered as
pathological. Maximum standardized uptake value (SUV__ )
was measured for all lesions for semiquantitative analysis.

Statistical Analysis

In this retrospective analysis, with demographics, serum
calcitonin levels, results of any radiological or functional
imaging studies, including neck US, CT of the thorax,
abdomen or pelvis, Tc-99m methylenediphosphanate whole
body bone scan, "8F-FDG PET/CT, or %8Ga- DOTATATE PET/
CT were recorded. Clinical follow-up or histopathological
examination results in patients who underwent surgeries
after '8F-FDOPA PET/CT were used for confirmation of
results. Patient-based sensitivity, specificity, and accuracy
were calculated for "8F-FDOPA PET/CT in the detection of
disease recurrence.

Results

A total of 14 patients (9 F and 5 M; median age: 45)
were included in the analysis. Three patients had MEN II1A
syndrome and 1 patient MEN [IB syndrome, 10 patients
had a diagnosis of sporadic MTC. Median calcitonin levels
of patients were calculated as 757.5 (min-max: 28.5-
7911) pg/mL. Nine patients and 5 patients had undergone
ultrasound and contrast-enhanced computed tomography
(ceCT)of the neck, respectively, before PET/CTimaging. Eight
patients had ®Ga- DOTATATE and 7 patients had "8F-FDG
PET/CT within 3 months period before '®F-DOPA PET/CT.
Results were confirmed histopathologically in 7 patients.
Clinical follow-up results were used for confirmation
in 7 patients. Four of these patients showed no sign of
recurrence, and in 3 patients, progression was recorded on
radiological examinations [CT and/or magnetic resonance
imaging (MRI)] in the follow-up. Patient characteristics,
details of PET/CT and follow-up results are given in Table 1.

8F-FDG PET/CT Findings

'"8F-FDG PET/CT was normal in 5 patients. In 1 patient,
'8F-FDG PET/CT revealed cervical metastatic lymph node,
and in 1 patient 8F-FDG was positive in both cervical and
mediastinal lymph nodes. In these 2 patients, '®F-FDOPA

PET/CT was negative for lymph node metastasis and ®Ga
PET/CT was not available.

%8Ga-DOTATATE PET/CT Findings

%8Ga-DOTATATE was negative in 5 patients. In patients with
a positive ®Ga-DOTATATE PET/CT, cervical lymph nodes
were detected in all 3 of them, mediastinal lymph nodes in
one patient, and pathological uptake was recorded in the
thyroid bed in 1 patient. In 1 patient with cervical lymph
node metastasis, '8F-FDOPA PET/CT was negative and
'8F-FDG PET/CT was not performed.

"8F-FDOPA PET/CT Findings

'®F-FDOPA PET/CT was normal in 5 patients. '®F-FDOPA
PET/CT revealed pathological uptake on the thyroid bed,
lymph nodes and distant organs in 3, 5, and 2 patients,
respectively. Median SUV__ for the recurrent lesions
were calculated as 6.4 (min-max: 1.9-18.4). Although not
statistically significant, serum calcitonin levels in '®F-FDOPA
PET/CT-positive patients were higher than '8F-FDOPA PET/
CT-negative patients (800 pg/mL min: 47, max: 7911 vs.
98.2 pg/mL, min: 28.5, max: 800, respectively, p=0.30).

'8F-FDOPA PET/CT detected recurrent disease in 4 of 5 and
2 of the 5 patients who had negative '®F-FDG PET/CT and
negative ®Ga-DOTATATE PET/CT, respectively. In 5 patients
with negative '®F-FDG PET/CT, "®F-FDOPA was positive in
the thyroid bed in 2 patients, in regional lymph nodes in 2
patients, and in lung metastasis in 1 patient. In 2 patients
with a negative %®Ga-DOTA PET/CT scan, '®F-FDOPA was
positive in the thyroid bed (Figure 1). The sensitivity of
'8F-FDOPA PET/CT in the detection of recurrent disease
was calculated as 64%.

Discussion

Medullary thyroid cancer is a relatively rare malignancy of
the thyroid. Disease progression is usually slow, and overall
survival rates are acceptable if an effective surgical resection
at the time of diagnosis could be achieved. However,
calcitonin recurrence or persistence is observed in up to
80% of the patients. Detection and accurate localization of
structural diseases in patients with biochemical recurrence
is important for further therapies (6). Reoperation aims to
total resection of recurrent or persistent malignant tissues
and to achieve undetectable calcitonin levels. Even with
experienced operators and excellent surgeries, complete
remission could be maintained in only 30% of patients (7).
Thus, imaging studies are expected to detect insignificant-
volume diseases with high accuracy for differentiating
candidates of surgery/local therapies or systemic therapy

(8).
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Araz et al. "8F-FDOPA PET/CT in Medullary Thyroid Cancer

Figure 1. %Ga- DOTATATE and "®F-FDOPA PET/CT images of patient number 5. Forty-five years old female diagnosed with MEN II1A syndrome (medullary
thyroid carcinoma and adrenal paraganglioma) was referred with elevated serum calcitonin levels (1372 pg/mL) following total thyroidectomy. On
maximum intensity projection (A, B), axial CT, and fusion images of %Ga-DOTATATE (C, D) and "®F-FDOPA (E, F) PET/CT studies, focal pathological
'®F-FDOPA uptake was detected on a nodular lesion located in the thyroid bed (SUV__ : 2.2), which was ®*Ga-DOTATATE negative (arrows). A biopsy

revealed local recurrence in the thyroid bed

%Ga: Gallium-68, FDOPA: "*F-dihydroxyphenylalanine, PET/CT: Positron emission tomography/computed tomography, SUV,__: Maximum standardized

uptake value

8F-FDOPA has gained importance in medullary thyroid
cancer recently. In a meta-analysis, the patient-based and
lesion- based detection rates of '®F-FDOPA in patients with
increased tumor markers were calculated as 66% and
71% respectively. The performance of '"®F-FDOPA PET/
CT was related to serum calcitonin levels. The detection
rate of ®F-FDOPA was found 86% in patients with serum
calcitonin levels >1000 pg/mL (9). In another study
comparing the diagnostic utility of 8F-FDOPA and '8F-FDG
PET/CT, the sensitivity of ™F-FDOPA was significantly
higher in patients with serum calcitonin levels >150 pg/
mL compared to <150 pg/mL (90.9% vs. 28.6%; p=0.013)
(10). In our study, compatible with the literature, patient-
based sensitivity of "8F-FDOPA PET/CT in medullary thyroid
cancer patients with elevated serum calcitonin levels was
found to be 64%. Serum calcitonin levels were relatively
higher in 'F-FDOPA PET/CT-positive patients compared
to others (800 pg/mL vs. 98.2), but this difference could
not be proved statistically due to the very small number of
patients in the subgroups.

In comparative studies with "F-FDG PET/CT and ®%Ga-
DOTATATE PET/CT, "8F-FDOPA PET/CT was reported to be
superior (11,12,13). This is why the European Association
of Nuclear Medicine recommends "8F-FDOPA PET/CT in the
first line in medullary thyroid cancer patients with elevated
serum calcitonin levels after initial treatment (14). In this
study, because not all patients had ®Ga-DOTATATE PET/
CT and "F-FDG PET/CT, no direct comparison of patient
or lesion-based sensitivity or detection rates of these three
modalities could be possible. In regional analysis, it is shown
that "8F-FDOPA was positive in lymph nodes in 2 patients and
in the thyroid bed in 2 patients with negative "8F-FDG PET/

CT and in the thyroid bed in 2 patients with negative %Ga-
DOTATATE PET/CT. However, there were 2 patients (patients
6 and 9) with "®8F-FDG positive but '®F-FDOPA negative lymph
node metastasisand 1 patient(patient 2) with ®¥Ga-DOTATATE-
positive but '8F-FDOPA negative lymph nodes. According to
the literature, "8F-FDOPA has a higher performance in the
neck compared to both "F-FDG and ®Ga-DOTATATE. This
is probably due to a higher ratio of tumor/background
counts compared to the other two radiopharmaceuticals.
Another thing is that the uptake mechanisms of these three
radiopharmaceuticals are different, and '®F-FDOPA is rather
positive in relatively differentiated medullary thyroid cancer.
While '8F-FDG uptake is related to dedifferentiation, %¢Ga-
DOTATATE uptake is a measure of somatostatin receptor
expression of the tumor cells (11,12,15,16). Our results
partly confirm previous reported data, as there are patients
with locoregional disease either 8F-FDG or 8Ga-DOTATATE
positive but '"®F-FDOPA negative.

Regarding distant metastasis, only ®F-FDOPA was positive
in a single patient with lung metastasis, which was also
reported on ceCT (patient 9). Because %Ga-DOTATE PET/CT
was not performed in this patient, a comparison between
%Ga-DOTATATE PET/CT and "8F-FDOPA PET/CT could not be
made but, this lung nodule was "®F-FDG negative. No other
patients had lung metastasis detectable by any radiological
or functional imaging modality. In lung metastasis, as it is
the case in our study, ceCT seems adequate enough to
detect lung lesions. No significant superiority of "®F-FDOPA
PET/CT was reported over other imaging modalities.
However, ®F-FDG PET/CT is sometimes insufficient in the
evaluation of lesions with low metabolic rate or small
nodules (<1cm) (17).
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'8F-FDOPA was found superior to ®Ga-DOTATATE PET/CT in
the detection of liver metastasis (11). There was only one
patient in our study (patient 3) who had liver metastasis
shown by 'F-FDOPA PET/CT. Although no comparison
with "8F-FDG or ®Ga-DOTATATE could be possible in our
study, in the follow-up liver lesions showed progression on
both CT and MRI and accuracy of "®F-FDOPA PET/CT was
confirmed. This result was compatible with previous data
in the literature (11).

Study Limitations

The major limitation of this study is that few patients were
enrolled. Further statistical analysis would be possible
including subgroup analysis if a larger patient population
could be achieved. Another limitation is that the study was
designed retrospectively. Thus, head-to-head comparison
of ®F-FDOPA with F-FDG and %Ga-DOTATATE was not
possible for all patients. Although patients involved in this
study were scanned at 60 min, as recommended in the
guideline, in recent studies, higher detection rates with
the earlier acquisition for "F-FDOPA PET/CT in medullary
thyroid cancer was reported (14,18). Calculated sensitivity
could have been higher if dual time point imaging could
be performed. Despite these limitations, in our opinion,
clinical results of a relatively specific and hard- to- reach
radiopharmaceutical in a rare patient group are still valuable
and would contribute to the literature.

Conclusion

'8F-FDOPA PET/CT can detect recurrence in about two-
thirds of the patients with elevated calcitonin levels after
primary surgery for MTC. Due to variable differentiation
degree, different receptor status, and clinical behavior of
MTC, all three radiopharmaceuticals can be beneficial and
are complementary to each other in patient management.
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Oxidized Regenerated Cellulose can be a Cause of False Tumor
Recurrence on PET/CT in Patients with Lung Cancer Treated
Surgically
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Abstract

Objectives: Regular follow-up of patients with lung cancer treated surgically is crucial to detect local recurrence or distant metastasis of the
tumor. Postoperative follow-ups are performed with thorax computed tomography (CT) and, if necessary, positron emission tomography (PET)/
CT. Sometimes, inflammatory tissue reactions due to the materials used during the surgery for hemostasis may cause the appearance of tumor
recurrence in imaging modalities. In this study, we presented that oxidized regenerated cellulose (ORC) used intraoperatively may cause false
tumor recurrence on PET/CT.

Methods: The records of patients who had local tumor recurrence after lung cancer surgery was reviewed retrospectively. Inclusion criteria were
the presence of local recurrence of cancer on PET/CT, specification of using ORC in the surgical notes, and histopathological diagnosis of the
recurrence site of tumor was reported as a foreign body reaction. Data of patients were collected according to age, gender, surgery performed,
adjuvant therapy status, resolution status and time ORC, and standard uptake value of "®F-fluorodeoxyglucose on PET/CT.

Results: Eleven patients (1 female, 10 males) who met the criteria were included in the study. The median age was 64. Histopathological results
of all patients were reported as foreign body reactions. The median detection time of PET/CT positivity after surgery was 139 days (range: 52-208
days). False tumor recurrence was resolved in 8 patients (72.7%) in their control radiological examinations and median resolution time was 334
days (range: 222-762 days). The median maximum standard uptake value of the lesions was 6.2 (1.7-11) on the PET/CT.

Conclusion: ORC used intraoperatively in patients undergoing surgery for lung cancer may cause false tumor recurrence in imaging modalities
in postsurgical follow-ups. When tumor recurrence is suspected in the follow-up of these patients, histopathological confirmation is necessary to
prevent unnecessary operations and treatments.

Keywords: Lung cancer, positron emission tomography/computed tomography, false recurrence, and oxidized regenerated cellulose

0z
Amag: Cerrahi olarak tedavi edilen akciger kanserli hastalarin diizenli takibi, lokal niks ve uzak metastaz saptanmasinda olduk¢a Gnemlidir.
Postoperatif takipler toraks bilgisayarli tomografi (BT) ve gerekirse pozitron emisyon tomografisi (PET)/BT ile yapilir. Bazen hemostaz saglamak
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icin ameliyat sirasinda kullanilan materyallere bagl enflamatuvar doku reaksiyonlari goriintileme modalitelerinde timor niikst gorinimine
neden olabilir. Bu calismada intraoperatif kullanilan oksitlenmis rejenere sellilozun (ORS), PET/BT'de yalanc timor niikstiine neden olabilecegini
gostermeyi amacladik.

Yontem: Akciger kanseri cerrahisi sonrasi lokal timaér niikst gelisen hastalarin kayitlari geriye dontk olarak incelendi. Dahil edilme kriterleri, PET/
BT'de lokal kanser niksu varligi, cerrahi notlarda ORS kullaniminin belirtiimesi ve timaoriin niks bolgesinin histopatolojik tanisinin yabanci cisim
reaksiyonu olarak bildirilmesiydi. Hastalara ait yas, cinsiyet, yapilan cerrahi, adjuvan tedavi durumu, rezoliisyon durumu ve ORC suresi ve PET/
BT'deki '®F-florodeoksiglukoz standart uptake degeri verileri topland..

Bulgular: Kriterleri karsilayan 11 hasta (1 kadin, 10 erkek) calismaya dahil edildi. Ortanca yas 64 idi. Tim hastalarin histopatolojik raporlari yabanci
cisim reaksiyonu olarak rapor edildi. Ameliyattan sonra PET/BT pozitifliginin ortanca tespit stiresi 139 giindl (dagiim: 52-208 giin). Kontrol
radyolojik incelemelerinde 8 hastada (%72,7) timadr gortiniimi diizeldi ve ortanca iyilesme slresi 334 glindui (dagilim: 222-762 glin). PET/BT'de
lezyonlarin ortanca maksimum standard tutulum degeri 6,2 idi (dagilim: 1,7-11).

Sonug: Cerrahi olarak tedavi edilen akciger kanserli hastalarin takibinde timdér nlkstinden stiphelenildiginde, gereksiz operasyon ve tedavileri

Sayan et al. False Tumor Recurrence on PET/CT

Onlemek icin histopatolojik dogrulama gereklidir.

Anahtar kelimeler: Akciger kanseri, pozitron emisyon tomografi bilgisayarli tomografi, yalanci ntiks

Introduction

Surgery is the optimal treatment option for patients with
clinically early-stage non-small-cell lung cancer (NSCLC).
However, adjuvant treatment such as chemotherapy
and/or radiotherapy, may be required depending on the
patient’s pathological tumor stage, complete resection
status, and tumor histopathology. Despite all efforts, the
S-year survival in all stages of NSCLC is less than 50%,
and the median expected survival after tumor recurrence
has been reported as 11.5 months (1,2,3). Follow-up of
patients after surgery for detecting local tumor recurrence
or distant metastasis is usually performed with computed
tomography (CT) and/or positron emission tomography
(PET)/CT. PET/CT is the preferred method for follow-up due
to its high sensitivity and specificity for tumor recurrence.
Furthermore, itis also a suitable procedure for evaluating the
response to adjuvant therapy (4,5). Oxidized regenerated
cellulose (ORC) is an absorbable hemostatic material that
has long been used for bleeding control in neurosurgery,
hepatic surgery, renal surgery, and cardiothoracic surgery.
Although some studies in the literature have reported that
ORC can cause false tumor recurrence, its PET/CT findings
of false tumor recurrence after lung cancer surgery are
unclear (6,7,8,9). In this study, we presented ORC used
intraoperatively may cause false tumor recurrence on PET/
CT.

Materials and Methods

Patient Selection

Following the approval of the Gazi University Ethics
Committee (no: 91610558-604.01.02, research code
no: 2020-366), the medical records of patients who
underwent surgery for NSCLC between January 2018
and August 2020 were examined retrospectively. An
informed consent form was obtained from the patients

or their relatives included in the study. During the study
period, data of patients with cancer recurrence detected
on imaging modality, were collected. Inclusion criteria
were, detection of local recurrence of lung cancer at the
surgical side on PET/CT, specification of using ORC in the
surgical notes, and reporting of histopathological diagnosis
of biopsy taken from the recurrence site was the foreign
body reaction. Patients whose histopathological result
were reported as only “non-malignant” were not included
in the study. In addition, patients whose follow-up records
could not be obtained, and those whose surgical notes
did not indicate the use of ORC, were excluded from the
study. Data of patients were collected according to age,
gender, localization of recurrence, adjuvant therapy status,
smoking status, resolution status, total resolution time
(day) of agent, maximum standard uptake value (SUV )
on the PET/CT, stage of the tumor, comorbidity status,
postoperative complication, and the detection time of false
tumor recurrence.

Statistical Analysis

All analyses were performed using the IBM SPSS version
20.0 software (IBM Corp., Armonk, NY, USA). Due to the
small sample size, we only performed descriptive analysis.
Descriptive data were expressed in mean + standard
deviation (SD), median (minimum-maximum) or number
and frequency. The distribution of numeric variables was
evaluated by histogram and Kolmogrov-Smirnov test. The
mean + SD was used for normal distributions and median
value with range (minimum-maximum) was used for
skewed distributions.

Results

During the study period, we detected 293 patients
undergoing surgery for NSCLC in our clinic, and 160 of
them (54.7%) required adjuvant treatment. Eleven of the
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Figure 1. (a) PET/CT image of case 1. A pathological increased uptake
at right posterior chest wall with SUV__9.3. Result of histopathologic
examination of biopsy taken by trans-thoracic tru-cut biopsy was foreign
body reaction. (b) A pathologic increased uptake (SUV__: 11) was
detected at the right paratracheal area on PET/CT of case 2

PET/CT: Positron emission tomography/computed tomography, SUV __:
Maximum standard uptake value

b

a

Figure 2. (a) EBUS-image of case 3 shows; indistinct margin, oval shape
and heterogeneous echogenicity, partially blue partially non-blue (green,
yellow and red) elastographic type in the right paratracheal area. (b)
Histopathologically; granulation tissue characterized by numerous
multinucleated giant cells is seen in the area adjacent to the normal

muscle tissue (hematoxylin-eosin stain x100)
EBUS: Endobronchial ultrasound

Table 2. Survival time, date of surgery, and date of false

positivity on PET/CT of patients

Case Is)::gee(r))fl g:'::cfc)ifon Survivability tSil;‘rZI:Ial
(month)

1 27/03/2019 02/08/2019 Alive 36

2 13/12/2018 14/04/2019 Exitus 31

3 28/06/2019 19/08/2019 Alive 32

4 11/04/2019 05/11/2019 Alive 35

5 03/07/2019 19/11/2019 Alive 32

6 02/02/2019 | 06/07/2019 | Alive 37

7 08/05/2019 14/10/2019 Alive 34

8 06/04/2019 | 02/09/2019 | Alive 35

9 31/01/2019 16/05/2019 Alive 37

10 31/08/2020 13/01/2021 Alive 18

11 25/08/2020 04/01/2021 Alive 18

*Survival time was calculated according to the current date for living patients. PET/

CT: Positron emission tomography/computed tomography
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for patients after lung cancer surgery. The common
tendency is that patients are followed up with thoraco-
abdominal CT or PET/CT at intervals of 3-6 months in
the first 2 years, postoperatively. In our department,
postsurgical follow-up is performed out in accordance with
the National Comprehensive Cancer Network guidelines
(radiological follow-up is performed once every 3 months in
the first 2 years and PET/CT is performed in the presence of
suspected tumor recurrence). The time of local recurrence
and distant metastasis after surgery are similar. Boyd et al.
(7) reported that the mean durations of distant metastasis
and local tumor recurrence were 12.5% and 13.6 months,
respectively. However, in our study, the median time of false
PET/CT positivity after surgery was 139 days. The possible
reason for this difference may be that early radiological
tumor recurrence tends to be false positives.

In lung cancer surgery, cellulose hemostatic agents, such
as ORC, are placed to provide hemostasis, particularly
in the subcarinal and paratracheal areas after lymph
node dissection. It may also be necessary to place it in
the posterior intercostal space in patients undergoing
thoracotomy. ORC is a self-absorbable product and it
completely dissolves within 2-4 weeks without causing an
inflammatory reaction. However, the reabsorption time of
ORC may be prolonged by some reasons, and it may cause
inflammation in the localizations where it is placed, thus
it may give the appearance of a false tumor recurrence
in PET/CT (6,10). The presence of pneumonia or pleural
infection in patients during the postoperative period
may cause increased inflammation around the materials.
Adjuvant treatments (chemotherapy and/or radiotherapy)
may also have a similar effect. In our study, most of the
patients (81.8%) had a history of adjuvant therapy, and
postoperative infection was only considered as the cause
of false PET/CT positivity in 2 cases. Some studies in
the literature have reported that these agents have the
appearance of an abscess on radiological imaging, and their
unnecessary use may result in the mediastinal infection
(6,10,11). In our series, there were no radiological findings
of an abscess, and the histopathological results were
incompatible with the infection. In addition, there was no
case of mediastinitis related to the use of ORC during the
study period.

Study Limitations

This study had some limitations. It is a retrospective,
single-center study, and it included few patients. Thus, we
could not determine whether there were any correlations
between false tumor recurrence and some variables, such as
smoking habit, adjuvant/neoadjuvant treatment regimens,
and tumor histopathology. However, this study may be
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deemed a preliminary report that may inspire researchers
to conduct multicenter studies with many patients.

Conclusion

Surgeons should specify whether using ORC and its
localization in the surgical notes of patients undergoing
pulmonary resections for lung cancer. False tumor
recurrence should be considered when radiologic early
tumor recurrence is detected in the postsurgical follow-
up, particularly in patients receiving adjuvant therapy
and those with a history of postoperative infection. Thus,
unnecessary treatment and re-surgical interventions can be
prevented.
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Axillary Lymph Node Uptake on '®F-FDG PET/CT after COVID-19
Vaccination: A Direct Comparison Study with Influenza Vaccination

COVID-19 Asisindan Sonra "8F-FDG PET/BT'de Aksiller Lenf Nodu Tutulumu: Grip Asisi
ile Dogrudan Karsilastirma Calismasi
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Abstract

Obijectives: To compare vaccinated-side axillary lymph node uptake on "®F-fluorodeoxyglucose (FDG) positron emission tomography/computed
tomography (PET/CT) after coronavirus disease-2019 (COVID-19) and influenza vaccination.

Methods: We retrospectively analyzed 177 patients who underwent '®F-FDG PET/CT after COVID-19 or influenza vaccination. We compared
the uptake of the vaccinated-side axillary lymph nodes of 109 COVID-19 vaccinated patients with those of a lot of influenza-vaccinated patients.
We also compared the uptake between 66 patients who received the first COVID-19 vaccination with 43 who received the second COVID-19
vaccination.

Results: "®F-FDG-avid axillary lymph nodes on the vaccinated side were significantly more frequently observed in the COVID-19 group (45%) than
in the influenza group (19%) (p<0.001). When the interval between vaccination to PET/CT was within 7 days, there was no significant difference
in the frequency of "®F-FDG-avid vaccinated-side axillary lymph nodes between the groups (COVID-19 group: 41% vs. influenza group: 45%,
p=0.724). When the interval was over 7 days, '®F-FDG-avid lymph nodes were much more frequent in the COVID-19 group (47%) than in the
influenza group (7%) (p<0.001). Comparing the first and second COVID-19 groups, "®F-FDG-avid lymph nodes were more frequent in the second
vaccination group than in the first vaccination group, but the difference was not significant.

Conclusion: '®F-FDG-avid vaccinated-side axillary lymph nodes were more frequently observed in the COVID-19 group than in the influenza group.
In the case of the COVID-19 vaccine, a delay of ®F-FDG PET/CT examination is recommended by a longer interval from vaccination than in the
influenza vaccine.

Keywords: COVID-19, influenza, vaccination, ®F-FDG PET/CT, axillary lymph node

Oz

Amagc: Koronaviris hastaligi-2019 (COVID-19) asisi ve grip asisi sonra '®F-florodeoksiglukoz (FDG) pozitron emisyon tomografisi/bilgisayarli
tomografi (PET/BT) ile asilanan taraf aksiller lenf nodu tutulumunu karsilastirmaktir.

Yontemler: COVID-19 veya influenzaya yonelik asilamadan sonra '®F-FDG PET/BT uygulanan 177 hastay retrospektif olarak inceledik. COVID-19
asisi yapilan 109 hastanin asllanmis taraftaki aksiller lenf nodlarindaki "F-FDG tutulumunu, grip asisi yapilan hastalardaki tutulum ile karsilastirdik.
Ayrica ilk COVID-19 asisini olan 66 hasta ile ikinci COVID-19 asisini olan 43 hasta arasindaki alimi karsilastirdik.

Bulgular: Asilanan taraftaki "®F-FDG tutulumu olan aksiller lenf nodlari, COVID-19 grubunda (%45) influenza grubuna (%19) gére anlamli derecede
daha sik gozlendi (p<0,001). PET/BT ile asilama arasindaki aralik 7 glin icinde oldugunda, gruplar arasinda "®F-FDG tutulumu olan asili taraf aksiller
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lenf nodu sikliginda anlamli bir fark yoktu (COVID-19 grubu: %41 vs. influenza grubu: %45, p=0,724). Aralik 7 glinden fazla oldugunda, '®F-FDG
tutulumlu lenf nodlar, COVID-19 grubunda (%47) influenza grubuna (%7) gére ¢ok daha sikti (p<0,001). Birinci ve ikinci COVID-19 gruplari
karsilastirildiginda, '8F-FDG tutulumlu lenf nodlar ikinci asilama grubunda birinci asilama grubuna gore daha sikti ancak aradaki fark anlamli degildi.
Sonug: "F-FDG tutulumlu asilanmis taraf aksiller lenf nodlari, COVID-19 grubunda influenza grubuna gére daha sik gézlendi. COVID-19 asisi s6z
konusu oldugunda, '®F-FDG PET/BT incelemesinin, grip asisina gére daha uzun bir aralikla ertelenmesi onerilir.

Anahtar Kelimeler: COVID-19, influenza, asilama, '8F-FDG PET/BT, aksiller lenf nodu

Introduction

The coronavirus disease-2019 (COVID-19) pandemic
caused by severe acute respiratory syndrome coronavirus-2
is rampant worldwide (1). Safe and effective vaccines
are urgently needed against this disease (2,3). Currently,
mass COVID-19 vaccination is being conducted worldwide
(4). Recently, there have been many reports of increased
uptake of axillary lymph nodes on the vaccinated side
on '®F-fluorodeoxyglucose (FDG) positron emission
tomography/computed  tomography  (PET/CT)  after
COVID-19 vaccination (5,6,7,8,9,10,11,12,13). Apart from
case reports, there are also comprehensive reports on
the frequency and degree of uptake. Some studies have
reported differences among the types of COVID-19 vaccines.
Before the report of increased axillary lymph node uptake
on "®F-FDG PET/CT after COVID-19 vaccination, there were
several reports onincreased axillary lymph node uptake after
influenza vaccination (14,15,16,17). The increased uptake
of axillary lymph nodes after seasonal influenza vaccination
on "8F-FDG PET/CT has been reported, especially within 1
week after vaccination (14,15). However, in the case of the
COVID-19 vaccine, it was observed more than 1 month or 6
weeks after vaccination (12,13). As aforementioned, some
studies have compared uptake after influenza vaccination;
however, there have been no reports directly comparing
the uptake of axillary lymph nodes on '®F-FDG PET/CT after
COVID-19 vaccination and after influenza vaccination.

In this study, we compared axillary lymph node uptake on
"8F-FDG PET/CT after COVID-19 vaccination with that after
influenza vaccination.

Materials and Methods

We retrospectively analyzed 177 patients who underwent
BE-FDG PET/CT after COVID-19 vaccination (BNT162b2
mRNA vaccine, Pfizer) or influenza vaccination. We
compared the uptake of the vaccinated side axillary lymph
nodes of 109 patients who received COVID-19 vaccine
with 68 patients who received influenza vaccine. To
investigate the effect of the interval from vaccination to
PET examination on the positive accumulation of axillary
lymph nodes, the frequency of positive accumulation
within 7 days and after 7 or more days was compared for
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each vaccine.

Before the above comparison, we also compared the uptake
of vaccinated side axillary lymph nodes of 66 patients who
received the first COVID-19 vaccination with those of 43
patients who received the second COVID-19 vaccination.

Patients

Based on the medical interview sheet for "8F-FDG PET/CT
examination, patients were placed in the COVID-19 and
influenza vaccine groups. The COVID-19 vaccine group
comprised patients who received COVID-19 vaccination
within 50 days before undergoing '®F-FDG PET/CT
examination from May 10, 2021, to July 5, 2021. The
influenza vaccine group comprised patients who received
influenza vaccination within 50 days before undergoing
BE-FDG PET/CT examination from October 1, 2020, to
December 8, 2020. Patients with insufficient information
on the date of vaccination and the vaccinated site were
excluded. Patients with hyperglycemia (>150 mg/dL),
suspected axillary lymph node metastases, or suspected
malignant lymphoma lesions, and those with rheumatoid
arthritis were excluded. A total of 109 patients (51 men
and 58 women) after COVID-19 vaccination (after the first
vaccination: 66 cases, after the second vaccination: 43
cases) and 68 patients after influenza vaccination (24 men
and 44 women) were evaluated.

The Ethics Committee of Tokushima University Hospital
approved this study (no: 4080). Informed consent was
waived owing to the retrospective nature of the study.

8F-FDG PET/CT Scanning

The patients fasted for at least 6 h before the ™F-FDG
PET/CT. after that, the patients received an intravenous
injection of 3.0 MBq/kg of body weight of ®F-FDG. '8F-FDG
PET/CT image acquisition was started 1 h after the '®F-FDG
injection with the patient in a relaxed supine position using
an integrated PET/CT scanner (Discovery PET/CT 710; GE
Healthcare, Milwaukee, WI, USA). A CT scan was obtained
from the head to mid-thigh level, using a standardized
protocol involving 120 kV, tube-rotation time of 0.6 s per
rotation, and section thickness of 3.75 mm, and used for
anatomical localization and attenuation correction. The PET
acquisition time was 2 min per table position, with 7-9 bed
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positions per patient. PET reconstructions were generated
using penalized likelihood reconstruction (Q.Clear, GE
Healthcare) with a B value of 550. All PET datasets were
reconstructed with a 192x192 matrix using an ordered-
subset expectation maximization iterative reconstruction
algorithm.

Evaluating the "®F-FDG Uptake of the Axillary Lymph
Nodes of the Two Groups

A board-certified nuclear medicine physician with PET/
CT experience of 12 years evaluated the "F-FDG PET/
CT images. The maximum standardized uptake values
(SUV__) of the axillary lymph nodes with the highest
uptake, normalized for body weight, were calculated on
the viewer (AW server 2.0; GE Healthcare, Milwaukee, WI,
USA). Positive axillary lymph node uptake was defined as
a ratio =1.5 between SUV__ on the vaccinated side and
the contralateral side, a method previously used (11,16).
The size of the largest hypermetabolic lymph node was
also measured on CT images in millimeters in short-axis
diameter.

Statistical Analysis

Categorical variables are expressed as frequencies and
percentages. Continuous variables are expressed as mean
+ standard deviation. The normality of the distribution of
variables was tested using Levene’s test. The Student’s
t-test for normally distributed data and Welch's t-test or chi-
square test for non-normally distributed data were applied
to evaluate the differences in the variables. All statistical
tests were performed using the SPSS Statistics software
version 25 (IBM, Armonk, NY, USA). For all comparisons,
a p value of < 0.05 was considered statistically significant.

Results

A comparison of the clinical characteristics related to
PET/CT and vaccination of 66 patients from the post-first
COVID-19 vaccination group and 43 from the post-second
COVID-19 vaccination group are shown in Table 1. Sex,
weight, height, blood glucose, "®F-FDG dose on PET/CT
examination, time interval PET/CT examination from last
vaccination, rate of PET/CT examinations within 7 days
from the last vaccination, and injected side of the upper
arm of the vaccine were not significantly different between
the two groups. The rate of patients with "®F-FDG-avid
axillary lymph nodes on the vaccinated side in the post-
second COVID-19 vaccine group was higher than that in
the post-first COVID-19 vaccine group, but not significantly
(p=0.148). The average SUV __ of the "F-FDG-avid axillary
lymph nodes on the vaccinated side in the second COVID-19
vaccine group was slightly higher than that in the first
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COVID-19 vaccine group, but not significantly (p=0.630).
The average short-axis of the largest "®F-FDG-avid axillary
lymph nodes on the vaccinated side in the first and second
COVID-19 vaccine groups was not significantly different
(p=0.815).

The details of the clinical characteristics related to PET/
CT and vaccination of 109 patients from the COVID-19
vaccine group and 68 from the influenza vaccine group are
shown in Table 2. Patient age, sex, weight, height, blood
glucose, "8F-FDG dose, interval time to PET/CT exam from
the last vaccination, and the rate of PET/CT examinations

Table 1. Comparison of post-first and-second COVID-19
vaccination groups
Post first Post second
COVID-19 COVID-19
L L p value
vaccination vaccination
group (n=66) | group (n=43)
Patient age, years 72.2+8.6 69.5£13.2 0.240
Sex
Female 35 23
0.132
Male 31 20
Weight (kg) 55.3410.2 56.7+10.0 0.473
Height (cm) 158.2+8.7 158.4+7.5 0.918
Bloer gliraes 104.4+14.4 101.4+15.7 | 0.310
(mg/dL)
"®F-FDG (MBQ) 165.9+31.2 168.8+31.0 0.630
Time interval to
HEplor SEm o | 5 60 o 155¢11.9 | 0.094
the last vaccination,
days
Within 7 days from o o
the last vaccination 118 (274 18 () ot
Injected side of upper arm
Right 7 (1% 10 (23%
9 (11%) (23%) 5
Left 59 (89%) 33 (77%)
Patients with
F-FDG-avid axillary o 9
LN of vaccinated- 26 (39%) 23 (53%) 0.148
side
SUV__ of ®F-FDG-
avid axillary LN of 5.142.9 5.5+3.1 0.630
vaccinated-side
Short-axis of the
largest "8F-FDG-
avid axillary LN of 5.3+1.4 5.2+1.5 0.815
vaccinated-side
(mm)
Data are presented as mean + standard deviation. Statistical significance was set at
p<0.05. COVID-19: Coronavirus disease-2019; FDG: Fluorodeoxyglucose, LN: Lymph
node, SUV__: Maximum standardized uptake value
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Table 2. Comparison of COVID-19 and influenza vaccination

groups

COoVID-19 Influenza

vaccine group | vaccine group | p value

(n=109) (n=68)
Patient age, years 71.1£10.6 67.3+13.7 0.056
Sex
Female 58 44

0.132
Male 51 24
Weight (kg) 55.8+10.1 57.6413.7 0.363
Height (cm) 158.3+8.2 157.149.1 0.402
EBOd glucose (M9/ | 19371149 | 103.4+17.3 0.957
PET/CT indication
Lung malignancy 23 (21%) 13 (19%)
Breast malignancy | 21 (19%) 21 (31%)
Hea'd and neck 18 (17%) 10 (15%)
malignancy
Digestive/
gastrointestinal 12 (11%) 9 (13%)
malignancy
Hematological o o
malignancy 7 (6%) 4(6%)
Gyn_ecologlcal 5 (5%) 4(6%)
malignancy
Gen_ltourlnary 4 (4%) 4 (6%)
malignancy
Mu;culoskeletal 4 (a%) 1(1%)
malignancy
Others 15 (14%) 2 (3%)
8F-FDG (MBq) 167.0£31.0 175.3+44.3 0.179
Interval time to PET/
o1 eam from the 143 4197 16.7+11.8 0.053
ast vaccination,
days
Within 7 days from o o
the last vaccination 2t 222 B
Injected side of the upper arm
Right 17 20
0.028*

Left 92 48
Patients with
8F-FDG-avid o o -
axilary (N onthe | 42 (45%) 13 (19%) <0.001
vaccinated-side
SUV__ of 8F-FDG-
avid axillary LN on 5.3+3.0 4.4+3.3 0.319
the vaccinated-side
Short-axis of the
largest "8F-FDG-avid
axillary LN on the 5.2+1.4 5.0+1.6 0.647

vaccinated-side
(mm)

Data are presented as mean + standard deviation. *Statistical significance was set at
p<0.05. COVID-19: Coronavirus disease-2019; FDG:Fluorodeoxyglucose, LN: Lymph
node, SUV__: Maximum standardized uptake value
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within 7 days of the last vaccination were not significantly
different between the two groups. There was a significant
difference in the vaccine-injected side of the upper arm
between the two groups. The number of patients with
"8F-FDG-avid axillary lymph nodes on the vaccinated side in
the COVID-19 and influenza vaccine groups was 49 (45%)
and 13 (19%), respectively (p<0.001).

The average SUV__ of the ®*F-FDG-avid axillary lymph node
on the vaccinated side in the COVID-19 vaccine group
was higher than that in the influenza vaccine group, but
the difference was not significant (p=0.319). The average
short-axis of the largest ®F-FDG-avid axillary lymph node
on the vaccinated side in the COVID-19 vaccine group was
slightly larger than that in the influenza vaccine group, but
not significantly (p=0.647). A comparison of the number
of cases of '8F-FDG-avid axillary lymph nodes on the
vaccinated side by the interval from the last vaccination
in the COVID-19 and influenza vaccine groups is shown
in Table 3. Thirteen of the 32 patients (41%) with PET/
CT performed within 7 days from the last vaccination in
the COVID-19 vaccine group showed '®F-FDG-avid axillary
lymph node on the vaccinated side. Ten of the 22 patients
(45%) with PET/CT performed within 7 days from the last
vaccination in the influenza vaccine group showed '®F-FDG-
avid axillary lymph nodes on the vaccinated side. There
was no significant difference between the two groups
(p=0.724). Thirty-six of the 77 patients (47%) with PET/
CT performed after over 7 days from the last vaccination
in the COVID-19 vaccination group showed '8F-FDG-avid
axillary lymph nodes of the vaccinated side. Three of the
46 patients (7%) with PET/CT performed after over 7 days
from the last vaccination in the influenza vaccination group
showed "8F-FDG-avid axillary lymph node on the vaccinated

Table 3. Comparison of the number of cases of '*F-FDG-
avid axillary LNs on the vaccinated-side by time interval
from the last vaccination to PET/CT in COVID-19 and
influenza vaccination groups

COVID-19 | Influenza
vaccine vaccine value
group group P
(n=109) (n=68)
0-7 days
8F-FDG-avid axillary LN (+) | 13 (41%) 10 (45%) D7
18FFDG-avid axillary LN () | 19 (59%) | 12 (55%) '
>7 days
F-FDG-avid axillary LN (+) | 36 (47%) | 3 (7%) ST
<0.
BF.FDG-avid axillary LN (-) | 41 (53%) | 43 (93%)

Data are presented as mean =+ standard deviation. *Statistical significance was set
at p<0.05. COVID-19: Coronavirus disease 2019, FDG: Fluorodeoxyglucose, LN:
Lymph node
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side. There was a significant difference between the two
groups (p<0.001).

Figure 1 shows the PET/CT images of a patient after
COVID-19 vaccination showing "®F-FDG-avid vaccinated-side
axillary lymph node. Figure 2 shows the PET/CT images of
a patient after influenza vaccination showing "8F-FDG-avid
vaccinated-side axillary lymph node.

Discussion

8F-FDG-avid axillary lymph node of the vaccinated side on
PET/CT was significantly more frequent in the patients
after COVID-19 vaccination than in those after influenza
vaccination. Of the total, 45% of the patients showed
"8F-FDG-avid axillary lymph node on the vaccinated-side
on PET/CT after COVID-19 vaccination and 19% of the
patients after influenza vaccination. In a previous study,
the frequency of "8F-FDG-avid axillary lymph nodes on the
vaccinated side on PET/CT after COVID-19 vaccination
(Pfizer-BioNTech) was reported to be 43% (12). In another
study, the type of COVID-19 vaccine was not specified,
but the frequency of uptake was 45% (11). Yet another
study reported a frequency of 45.6% (9). The results of
COVID-19 vaccination in our study were similar to previous
reports. Burger et al. (17) reported that 17 of the 58

Figure 1. (a) MIP, (b) CT, (c) PET, and (d) fused PET/CT. "8F-FDG PET/
CT images of the representative case of a 67-year-old female in which
'"®F-FDG uptake was observed in the axillary LN on the ipsilateral side
to the COVID-19 vaccination arm (arrows). The interval time from
vaccination to PET/CT exam was 19 days. The SUV__ was 11.2. The
size of the largest hypermetabolic LN was 4.2 mm in short-axis diameter
MIP: Maximum intensity projection, PET: Positron emission tomography,
CT: Computed tomography, FDG: Fluorodeoxyglucose, LN: Lymph node,
COVID-19: Coronavirus disease-2019, SUV__: Maximum standardized
uptake value
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(29.3%) patients who were vaccinated for influenza within
4 weeks before PET/CT (mean, 14.5+8.7 days) had ®F-FDG-
avid vaccinated-side axillary lymph nodes. The frequency of
29.3% in the previous report was higher than the result
of our study on influenza vaccination. Skawran et al. (12)
reported that '8F-FDG PET/CT after COVID-19 vaccination
had a higher frequency of '®F-FDG-avid axillary lymph
node compared with the findings of a previous paper on
PET/CT after influenza vaccination. Since our study was a
comparison between the axillary lymph node uptake after
COVID-19 vaccination and influenza vaccination under
the same imaging conditions with the same equipment in
the same facility, the comparison of values, such as the
frequency and SUV__ could be more accurate.

In comparison with PET examinations within 7 days from
the last vaccination, there was no significant difference
in the frequency of "F-FDG-avid axillary lymph nodes on
the vaccinated side between the COVID-19 and influenza
groups. On PET/CT, 41% of the patients showed '8F-FDG-
avid axillary lymph nodes on the vaccinated side after
COVID-19 vaccination and 45% of the patients after
influenza vaccination. However, compared with PET
examinations over 7 days from the last vaccination, there
was a significant difference in the frequency of "F-FDG-
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Figure 2. (a) MIP, (b) CT, (c) PET, and (d) fused PET/CT. "8F-FDG PET/CT
images of the representative case of a 39-year-old male in which '8F-FDG
uptake was observed in the axillary LN on the ipsilateral side to the
influenza vaccination arm (arrows). The interval time from vaccination
to PET/CT exam was 3 days. The SUV__ was 7.7. The size of the largest
hypermetabolic LN was 5.2 mm in short-axis diameter

MIP: Maximum intensity projection, PET: Positron emission tomography,
CT: Computed tomography, FDG: Fluorodeoxyglucose, LN: Lymph node,
COVID-19: Coronavirus disease-2019, SUV__: Maximum standardized
uptake value
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avid axillary lymph nodes on the vaccinated-side between
the COVID-19 and influenza groups. Of the total, 47% of
the patients showed 8F-FDG-avid axillary lymph nodes on
the vaccinated-side on PET/CT after COVID-19 vaccination
and 7% of the patients after influenza vaccination.

Although ™F-FDG PET/CT after COVID-19 vaccination
had a higher frequency of '"F-FDG-avid vaccinated-side
axillary lymph nodes than that after influenza vaccination,
there was no difference in the frequency of '®F-FDG-avid
vaccinated-side axillary lymph nodes on PET/CT examination
in the COVID-19 vaccine group and the influenza vaccine
group when the PET/CT was performed within 7 days
after the vaccine. When there were long intervals of more
than 7 days from vaccination to examination, '®F-FDG-avid
vaccinated-side axillary lymph nodes on PET/CT were much
more frequently observed in the COVID-19 vaccine group
than in the influenza vaccine group, suggesting that the
lymphadenopathy status could last longer in COVID-19
vaccination. This could be the reason why PET/CT
examination after COVID-19 vaccination showed a higher
positive rate of axillary lymph nodes on the vaccinated side
than afterinfluenza vaccination. In addition to the frequency,
we compared the SUV__ and size of the axillary lymph
nodes in the COVID-19 and influenza groups and found that
the SUV__ was higher and the size was slightly larger in the
COVID-19 vaccination group than in the influenza group,
although the difference was not significant. Based on these
results, in the case of the COVID-19 vaccine, it should be
better to leave a longer period from vaccination to "8F-FDG
PET/CT examination than in the case of the influenza
vaccine. In the case of COVID-19 vaccination, '"F-FDG
PET/CT examination after vaccination should probably be
performed with a delay of several weeks to one month or
more if there is little risk of the progression of the disease.
Ferrari et al. (18) recommended that, if possible, "®F-FDG
PET/CT be examined at least 20 days after vaccination
because the frequency of vaccine-related '®F-FDG-avid
lymph nodes decreases when the period from COVID-19
vaccination to '8F-FDG PET/CT examination exceeds 20 days.
Additionally, the National Comprehensive Cancer Network
guidelines recommend the delay in imaging studies by 4
to 6 weeks following the COVID-19 vaccine if it does not
result in a delay that will affect patient outcomes (19). To
perform 8F-FDG PET/CT examination at an appropriate time
to evaluate lymph nodes more correctly, it is necessary to
correctly grasp the vaccination date and information on the
vaccination-side in advance.

The frequency of '®F-FDG-avid axillary lymph nodes on
the vaccinated side in the post-second COVID-19 vaccine
group was higher than that in the postfirst COVID-19
vaccine group, but not significantly (53% in the second

18

vaccination vs. 39% in the first vaccination group). Cohen
et al. (9) reported that the frequency was significantly
higher after the second vaccination (45.8%) than after
the first vaccination (26.3%). In contrast, Skawran et al.
(12) reported that the frequency was not significant in
the Pfizer-BioNTech COVID-19 vaccination (44% after the
second vaccination vs. 39% after the first vaccination).
In addition to the frequency, we compared the SUV__
and size of the axillary lymph node in the post-first and
post-second COVID-19 vaccine groups and found that the
SUV__ was slightly higher in the post-second COVID-19
vaccination group than in the first group. There were no
significant differences between the groups. The size was
similar in both the groups.

Study Limitations

This study had some limitations. First, there was a selection
bias because of the retrospective nature of the study.
Second, the subject of this study was a PET/CT examination
performed for cancer treatment, the results of which
might be different from those of healthy individuals. The
association between vaccinated-side axillary lymph node
uptake, immune status, and hematologic malignancy has
been reported in COVID-19 vaccinatio; however, but our
study might include the effects of these factors (11,20).
However, despite these limitations, this study is the first
to directly compare vaccinated-side axillary lymph node
uptake on ™F-FDG PET/CT after COVID-19 vaccination
and after influenza vaccination. This study revealed that
there was no difference in the frequency of vaccinated-side
axillary lymph node uptake on PET/CT examinations after
COVID-19 vaccination and after influenza vaccination for a
relatively short time interval of 7 days after the vaccination.
It also revealed that the frequency was much higher on
PET/CT after COVID-19 vaccination than after influenza
vaccination for a longer interval time of over 7 days
between the PET/CT and the vaccination. A more accurate
interpretation of the axillary region could be expected by
understanding the characteristics and differences of each
type of vaccine, such as the frequency, uptake degree, and
size of axillary lymph node uptake after vaccination.

Conclusion

There is no significant difference in the frequency of the
'®F-FDG-avid vaccinated-side axillary lymph nodes, SUV,
or size between the first and second COVID-19 vaccinations.
Therefore, careful interpretation of vaccinated-side axillary
lymph nodes in "8F-FDG PET/CT images after vaccination is
required in both the first and second COVID-19 vaccinations.

1

To avoid false positives in the axillary lymph nodes, it is
important to confirm the date of the recent vaccination
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when scheduling an "®F-FDG PET/CT examination. In the
case of influenza vaccine, "®F-FDG PET/CT examination
should be performed at an interval of at least one week or
more from vaccination. In the case of COVID-19 vaccine,
8F-FDG PET/CT examination should probably be performed
at a longer interval of several weeks to one month or more
from vaccination. However, there are many cases where
the early performance of "F-FDG PET/CT is necessary
because treatment is urgent. In that case, it is better to
perform without waiting.
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Abstract

Obijectives: Oligometastases may generate secondary to indolent tumor biology. In this study, we investigated whether semiquantitative
measures of '®F-fluorodeoxyglucose (FDG) and gallium-68 (*Ga) prostate-specific membrane antigen (PSMA) uptake of metastatic
lesions and prostatic sites are different between oligometastatic (OM) and multimetastatic (MM) disease of prostate carcinoma (PC).
Methods: Patients with PC, who underwent positron emission tomography/computed tomography (PET/CT) from October 2012
to February 2020 were retrospectively reviewed. Patients, whose reports were consistent with metastatic diseases were selected.
Patients classified as with MM or OM disease. Maximum standardized uptake values (SUV, ) were calculated from metastatic
lesions and the prostatic site. The median of the SUV _ results between patients with OM and MM disease were compared.
Results: A totally 145 patients with a mean age of 71.4619.26, were evaluated. In 59 of 145 patients, "®F-FDG PET/CT was performed;
86 patients had gone through ®Ga PSMA PET/CT. Thirtyseven of 145 patients were OM, whereas 108 patients were MM. The median of
the SUV,__ of metastatic lesions in patients with OM and MM disease in the "®F-FDG group were 5.60 and 9.51, respectively. The results of
the calculated median SUV__ values in OM and MM disease in the Ga-68 PSMA group were 13.44 and 29.84, respectively. A significant
difference was observed in the median SUV __ results of metastatic lesions between OM and MM disease (p<0.05). Median values
of SUV,__ calculated from the prostatic site in OM and MM disease were 7.83 and 12.29 respectively in '®FFDG; 26.23 and 26.74 in the
%Ga PSMA group. No significant difference was found in the SUV,__ results of the prostatic site between OM and MM disease (p>0.05).
Conclusion: SUV__ results of metastatic lesions are significantly higher in patients with MM than in patients with OM disease in patients with PC,

which may be secondary to their different biological contents in terms of aggressiveness.
Keywords: Oligometastasis, prostate carcinoma, SUV__, PET/CT

Oz

Amag: Oligometastazlar, timdérin sinirfli metastatik kapasitesini ifade etmekte olup hastaligin yavas biyolojisine sekonder gelisebildikleri
dustnulmektedir. Bu ¢alisma, prostat kanserinde (PK) prostat bolgesi ve metastatik lezyonlarin '®F-florodeoksiglukoz (FDG) ve galyum-68 (%Ga)
prostat spesifik membran antijeni (PSMA) tutulumunun semikantitatif dlcimlerinin oligometastatik (OM) ve multimetastatik (MM) hastalik arasinda
farkli olup olmadigini arastirmak icin tasarlanmistir.

Yontem: Ekim 2012-Subat 2020 tarihleri arasinda pozitron emisyon tomografisi/bilgisayarli tomografi (PET/BT) incelemesi yapilan PK'li hastalarin verileri
retrospektif olarak incelendi. Sonug raporlar metastatik hastalik ile uyumlu olan hastalar segildi. Hastalar MM veya OM hastaligi olanlar olarak iki gruba
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ayrildi. ilgi alani, gérsel olarak en yiiksek radyofarmasétik tutulumu gésteren metastatik lezyondan ve prostat bolgesinden cizilerek maksimum
standartlastinlmis tutulum degerleri (SUV hesaplandi. OM ve MM'li hastalarda prostat bolgesi ve metastatik lezyonlarin medyan SUV
degerleri karsilastirildi.

Bulgular: Yas ortalamasi 71,46+9,26 olan, 47-90 yas araliginda toplam 145 hasta degerlendirildi. YUz kirk bes hastanin 59'una '8F-FDG PET/BT
uygulandi; kalan 86 hastaya ®Ga PSMA PET/BT incelemesi yapildi. YUz kirk bes hastanin 37'si OM, 108 hasta MM hasta grubundaydi. '®F-FDG
uygulanmis OM ve MM hastaligi olan hastalarda metastatik lezyonlarin medyan SUV._ degeri sirasiyla 5,60 (aralik: 1,72-17,40) ve 9,51 (aralik: 4,13-
56,01) olarak hesaplandi. ®*Ga PSMA grubundaki OM ve MM hastaligi olanlarda hesaplanan metastatik lezyondan hesaplanan medyan SUV -
degerleri sirasiyla 13,44 ve 29,84 olarak bulundu. "®F-FDG ve ®Ga PSMA gruplarinda OM ve MM hastaligi olan hastalarin metastatik lezyonlarinin
medyan SUV__ degerleri istatistiksel olarak anlamli fark gézlenirken (p<0,05), prostat bolgesinden hesaplanan medyan SUV . degerleri "*F-FDG
grubunda sirasiyla 7,83 ve 12,29; %*Ga PSMA grubunda ise 26,23 ve 26,74 olarak bulundu ve aralarinda istatistiksel olarak fark saptanmadi (p>0,05).
Sonug: Prostat kanserinde metastatik lezyonlann SUV, . degerleri MM hastalarda OM hastalardan anlamli olarak daha ytiksek olup bu sonug, OM

maks) maks

ve MM yayilim gésteren timorlerin agresiflik agisindan farkli biyolojik iceriklerinden kaynaklaniyor olabilir.

Anahtar kelimeler: Oligometastaz, prostat kanseri, SUV__ , PET/BT

maks’

Introduction

Prostate-specific membrane antigen (PSMA) is a type I
transmembrane glycoprotein that is overexpressed in
prostate carcinoma (PC) (1). Nearly all adenocarcinomas
of the prostate demonstrate PSMA expression in most
primary and metastatic lesions (2). Expression levels of
PSMA are directly associated with PC aggressivenessand
with higher expression in higher-grade and metastatic
castration-resistant disease (1).

The correct staging of PC is important for treatment
planning and patient management. Positron emission
tomography/computed  tomography  (PET/CT)  with
'8F-fluorodeoxyglucose (FDG) is the standard imaging
modality for staging, restaging, and the evaluation of
therapy response in various tumors. Besides enabling
visual interpretation, this modality gives quantitative
information about the level of metabolic activity and
biological aggressiveness of the tumor by calculating the
degree of 'F-FDG uptake known as the standardized
uptake value (SUV). In PC, however, due to the reported
less than favorable results than those from other cancer,
the role of ™F-FDG PET/CT is not well recognized (3).
Recently, gallium-68 (%®Ga) labeled PSMA ligands for
PET imaging have been introduced and ®Ga PSMA is
the most abundantly used agent for PSMA-targeted PET
imaging. High diagnostic sensitivity and high accuracy for
detecting metastases of ®Ga-PSMA PET/CT in PC have
been well established (2,4). Like in "®F-FDG PET/CT, a three-
dimensional distribution of ®Ga PSMA is produced, and
quantitative measures allowing non-invasive assessment of
PSMA expression can be calculated.

It has been reported that the number and location of
metastatic sites impact survival in patients with PC (3).
Observing worse outcomes for the increasing number of
nodal and distant metastases and obtaining remission or
possibly cure using intensive treatment in patients with a
limited number of metastatic site, introduced the concept
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of oligometastatic (OM) disease in the PC armamentarium
(5,6). Besides clinical diagnosis, the biological component
of this entity has also been an area of interest; questions
looking for an answer whether the tumors that cause the
OM disease might be biologically different from those
that induce multimetastatic (MM) lesions or the entity is
improved detection of existing distant metastatic disease
because of more sensitive imaging modalities or not, have
been arisen (7).

Recently, a significant correlation with the grade group
of the primary tumor and SUV values was shown, higher
SUV results in higher Gleason scores (GS) of 8 and 9,
were observed in patients with PC with ®Ga PSMA PET/
CT imaging (8). Taking from this point, we wanted to
investigate whether semiquantitative measures of "8F-FDG
and Ga-6 PSMA uptake differs or not between OM and
MM disease in patients with PC.

Materials and Methods

Patients

Data of patients with prostate adenocarcinoma who
underwent "8F-FDG or %8Ga PSMA PET/CT imaging between
October 2012 and February 2020 in Selcuk University
Medical Faculty Department of Nuclear Medicine, were
retrospectively reviewed. Patients, whose reports were
consistent with metastatic diseases, were selected. The
study was approved by the Selcuk University Faculty of
Medicine Ethics Committee (meeting date: 25.12.2019,
decision number: 2019/382), and written informed
consent was obtained in all patients under our institution’s
rules.

8F-FDG and %Ga-PSMA PET/CT Imaging

PET/CT body images were taken using an integrated
scanner (Biograph mCT, Siemens, Germany). First, low-
dose unenhanced CT using the 16 slice CT with acquisition
parameters of 190 mA, 5 mm slice thickness, and 140
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kV was performed for attenuation correction. Then,
PET emission scanning in 8 or 9 bed positions with an
acquisition time of 3 min per bed position from the skull
base to the mid-thigh was acquired. For "®F-FDG PET/CT
imaging, all patients were asked to fast at least 6 h before
the scanning, and blood sugar levels were confirmed to be
lower than 200 mg/dL. All acquisitions were performed
60 min after the intravenous administration of 370 MBq
'8F-FDG and 1.8-2.2 MBq per kilogram/bodyweight of #Ga
PSMA.

Image Interpretation and Semi Quantification

PET/CT images were analyzed and semiquantitative
calculations of "®F-FDG uptake and ®Ga PSMA expression
were performed on a Siemens Syngo.ia PET/CT
workstation. Images were analyzed regarding primary
lesions and extraprostatic metastases. Radiopharmaceutical
uptake higher than the surrounding background activity
and distinct from physiologic sites were pathologic. In
patients with solitary lesions showing radiopharmaceutical
uptake, confirmation of metastases was performed with
additional modality including CT or magnetic resonance
imaging. Patients with metastatic disease were included
in the study while the ones with synchronous tumors
were excluded. Patients are then further classified as with
MM or OM disease. OM disease was defined as having
3 or fewer metastases as suggested in the literature (9).
Patients with more than 3 metastatic sites were classified
as MM. Besides visual interpretation, semiquantitative
analysis was  performed in all patients by a single
nuclear medicine physician. Region of interest (ROI) was
drawn manually around the prostate gland or prostate
site in those previously operated. In all patients, for the
quantification of metastatic disease, ROl was drawn over
the visually most radiopharmaceutical avid metastatic
lesion to calculate the maximum SUV (SUV,__), which was
normalized to body weight. Sites of physiological uptake
were manually excluded while drawing ROI, and SUV __
values were noted. In both OM and MM patients, after
noting the SUV__ values of the lesions, the highest value
among them was considered for statistical analysis, for both
radiopharmaceuticals. Clinical data of patients including
GS and previous therapy history, were also collected from
the files of the patients and the information system of our
hospital.

Statistical Analysis

For statistical analyses, the software package SPSS v16.0
was used. Results of SUV__ were expressed as a median.
Mann-Whitney U testwas used tocomparethe SUV,__ results
of patients with OM and MM disease. Fisher's exact test

was used for comparing frequency distributions between
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groups. Statistical analyses were performed separately
in the calculation the significance of semiquantitative
results for two different radiopharmaceuticals. The results
were evaluated at the 95% confidence interval, and the
significance level was taken as 0.05.

Results

A total of 145, age range 47-90 years with a mean age
of 71. 4619.26, were evaluated. In 59 of 145 patients
(41%), '8F-FDG PET/CT was performed; the remaining
86 (59%) patients had gone through %Ga-PSMA PET/CT
examination. Thirty-seven of 145 patients (26%) were OM
(Figures 1, 2). In 17 of these 37 patients, "®F-FDG was used
as a radiopharmaceutical, and in the remaining 20, ®Ga
PSMA was injected. The remaining 108 patients were MM
(Figures 3, 4); 42 were in the "8F-FDG group and 66 were in
the group of ®Ga PSMA.

Among all OM patients, 17 showed (46%) only bone
metastases, 13 of 37 (35%) had lymph node metastases,
and in 3 patients (8%) only soft tissue metastases including
liver, lung, and the suprarenal gland was observed. In the
same group with OM disease, bone and lymph node and
bone and soft tissue metastases were seen in 3 (8%) and 1
(3%) patients, respectively. For both radiopharmaceuticals,
in the OM group, metastatic disease was limited to the

Figure 1. Transaxial (a: PET, b: CT, c: fused) and MIP (d) ®®Ga PSMA PET/
CT images of a 42 year old patient with GS of 10. This patient, whose
images depicted increased radiotracer accumulation and heterogeneous
density in the left part of sacrum (a, b and ¢, respectively; arrows), was
classified as oligometastatic. Calculated SUV__ of the bone lesion was
found as 7.26. Magnetic resonance imaging also revealed metastatic
lesion in left part of sacrum with contrast enhancement (e, arrow)

PET: Positron emission tomography, CT: Computed tomography, *Ga:
Gallium-68, PSMA: Prostate-specific membrane antigen, GS: Gleason
scores, SUV__: Maximum standardized uptake value, MIP: Maximum

max”

intensity projection
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Figure 2. Transaxial (a-d: PET, b-e: CT, cf: fused) and MIP (g) '®F-FDG
PET/CT images of a 69 year old oligometastatic patient with GS of 6.
Sclerotic metastatic bone lesions were seen in the inferior part of right
acetabulum and right ischium (b-e, arrows) with increased radiotracer
uptake (a, ¢, d, f, g, arrows). SUV__ of the lesion in acetabulum was
calculated as 5.35

PET: Positron emission tomography, CT: Computed tomography, FDG:
Fluorodeoxyglucose, GS: Gleason scores, SUV __: Maximum standardized
uptake value, MIP: Maximum intensity projection

v

Figure 3. Transaxial (a-d: PET, b-e: CT, cf: fused) and MIP (g) ¥Ga PSMA
PET/CT images of a 79 year old mulitmetastatic patient with GS of 7,
revealed metastatic lymph nodes and sclerotic bone metaseses (b-e,
arrows) with increased radiopharmaceutical uptake (a, ¢, d, f and g,
arrows). SUV__ of the right parailiac lymph node was calculated as 57.18
(c, thick arrow)

PET: Positron emission tomography, CT: Computed tomography, #Ga:
Gallium-68, PSMA: Prostate-specific membrane antigen, GS: Gleason
scores, SUV__: Maximum standardized uptake value, MIP: Maximum
intensity projection

Figure 4. Transaxial (a-d: PET, b-e: CT, cf: fused) and MIP (g) '®F-FDG
PET/CT images of a 77 year old patient. Multimetastases including bone
(9, arrows), paraaortic lymph nodes (a, b, ¢, arrows) and liver (d, e, f,
arrows) with increased ®F-FDG uptake were observed. Calculated SUV,__
of lymph node was found as 56. 01 (c, arrow)

PET: Positron emission tomography, CT: Computed tomography, FDG:
Fluorodeoxyglucose, SUV, _: Maximum standardized uptake value, MIP:
Maximum intensity projection
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pelvic region involving the pelvic bones and/or nodes in
25 of 37 (68%) patients. The most common sites of bone
metastases were pelvic bones followed by the vertebrae
(60% and 27%, respectively) in patients with OM patients.
In MM patients, on the other hand, only bone metastases
were observed in 33 of 108 patients (31%), only lymph
node metastases were seen in 17 of them (16%), and
only soft tissue metastases were present in 2 (2%). In
the remaining 56 patients with MM disease, bone and
lymph node, bone and soft tissue, and metastatic disease
involving all mentioned sites were noted except 1 patient
in whom only lymph node and soft tissue metastases were
seen. Taken together, the bone was the most common
site of extraprostatic metastases in patients with both
OM and MM disease (57% and 81%, respectively). The
highest SUV__ was noticed in lymph node metastases in all
patients except ones in OM disease of the "®F-FDG group.
The distribution of metastatic sites in patients with OM and
MM disease and SUV__ results of metastatic lesions are
detailed in Tables 1, 2.

The median of the SUV__ of metastatic lesions in OM
and MM patients in the "®F-FDG group was 5.60 (range:
1.72-17.40) and 9.51 (range: 4.13-56.01), respectively.
The results of the calculated median SUV__~ values
in OM and MM patients in the ®Ga PSMA group were
13.44 (range: 3.72-60.34) and 29.84 (range: 4.29-
88.80), respectively. Statistically, a significant difference
was observed in the median SUV__ results of metastatic
lesions between patients with OM and MM disease for
both radiopharmaceuticals (p=0.0001 and p=0.009 for
%Ga PSMA and ™F-FDG respectively, Mann-Whitney U
test). Thirty-one of 86 patients (86%) in the ®Ga PSMA
group were de novo patients with PC (9 were OM, 22
were MM patients). The remaining ones were patients in
whom therapy including, surgery, radiotherapy, or systemic
therapy was used previously (11 were OM, 44 were MM
patients). In the F-FDG group, 12 of 17 OM patients
were de novo PC, 5 patients were admitted at the post-
therapy state; whereas 18 patients in MM disease had de
novo PC and 24 of them were imagined after therapy. The
presence of patients in the post-therapy state negatively
affected the accumulation of the radiopharmaceutical in
the prostate site that in the OM group; only 11 of 20 and
6 of 17 patients showed an accumulation of ®Ga PSMA
and "8F-FDG, respectively. Similarly, in the MM group, 33 of
66 and 13 of 42 patients had radiopharmaceutical uptake
for ®Ga PSMA and '8F-FDG, respectively, in the prostate
site. Median values of SUV__ calculated from the prostate
site in patients with OM (range: 4.05-15.54) and with MM
disease (range: 5.89-34.37) were 7.83 and 12.29 in the
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Table 1. Distribution of metastatic sites in all patients with OM and MM disease

Site of metastases

. Bone Bone + soft .
Type of Bone only Lymph node | Soft tissue Bone + lymph | | soft tissue + Soft tissue + Total
metastases only only node . lymph node
tissue lymph node
oM 17 13 3 3 1 - - 37
MM 32 15 2 40 6 12 1 108
Total 49 28 5 43 12 1 145

OM: Oligometastatic,

MM: Multimetastatic

Table 2. Results of median SUV__ values of radiopharmaceutical avid metastatic lesions in patients with OM and MM

disease

Site of Patients with OM disease in Patients with MM disease thlents_wgh o thlents_w;:h )

metastases '8F-FDG group (n=17) in 8F-FDG group (n=42) e R G S il Lt
group (n=20) group (n=66)

Lymph node 5.20 10.01 21.86 36.80

Soft tissue 6.20 9.20 17.13 18.57

Bone 5.35 8.15 11.48 27.65

n: Number, SUV__: Maximum standardized uptake value, OM: Oligometastatic, MM: Multimetastatic, ®Ga: Gallium-68, FDG: Fluorodeoxyglucose, PSMA: Prostate-specific
membrane antigen

"8F-FDG group, respectively. In the %8Ga PSMA group, on
the other hand, nearly the same median SUV __ values
were reached in the prostate sites such as 26.23 and

Table 3. Median SUV__ values calculated from prostatic
site and metastatic lesions in all patients for two
radiopharmaceuticals (range in parenthesis)

26.74 .in patients with OM (range: 5.96—1‘22.04) and with 58Ga PSMA BEEDG
Ml\/l disease (range: 8.34—75.15), respectlvely. Although a orostatic site | Metastatic | Prostatic | Metastatic
higher value was calculated in MM disease for '®F-FDG, no rostatic site | |asion site lesion
statistically significant difference was found in the SUV__ 26.23 13.44 7.83 560
results of the prostate site between patients with OM and oM (5.96-122. (3.72- (4.05- (1.72-
MM disease (p=0.136, Mann-Whitney U test). The results ) S0/ 155) 740,
of semiquantifications of prostatic uptake and metastatic 26.74 29.84 12.29 9.51
lesions in patients with MM and OM di ding t MM (18.34- (4.25 (5.89- (4.13-
esions in patients wit an disease according to 76.15) 88.80) 34.37) 56.01)
the radiopharmaceutical are summarized in Table 3.

- . . pvalue 1« 0.0001 | 0.136 0.009
When we looked for associating OM and MM disease with (95% Cl)

*Statistical significance between the results of ®Ga PSMA uptake of prostatic
site in patients with OM and MM disease was not analyzed because of the
nearly same results observed. Cl: Confidence interval, ®Ga: Gallium-68,
FDG: Fluorodeoxyglucose, PSMA: Prostate-specific membrane antigen, OM:
Oligometastatic, MM: Multimetastatic

GS, we could not reach the scores of 13 patients in the
®Ga-PSMA group, 1in OM, and 12 in MM patients. In the
'"8F-FDG group, GS of 14 patients were not available, 3 in

OM and 11 in MM patients. For both radiopharmaceuticals,
there were 45 patients with GS of <7 and 73 patients’
GS was =7. The distribution of the patients according to
the metastatic stage was 14 (31%) and 31 (69%) for OM
and MM disease, respectively, in GS <7 patients. Among
patients with GS above, 19 of them (26%) had OM and

Table 4. Distribution of the patients according to GS and
type of metastases of patients with available score

Type of metastases

54 (74%) had MM disease. No statistically significant Gs OM | MM | Total
difference was observed in the frequency distributions of < 14 el 4
OM and MM disease between patients with GS <7 and = U = B
with GS =7 (p=0.673, Fisher's exact test). The distribution | Total 33 85 18

*GS scores of 4 patients with OM disease and 23 patients with MM disease were

of the patients according to GS and type of metastases for _ : : / _
not available. GS: Gleason score, OM: Oligometastatic, MM: Multimetastatic

the two radiopharmaceuticals is shown in Table 4.
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Discussion

The improvements in localized therapies that ablate
the limited amount of metastatic disease and can even
cure some patients highlighted once more the practical
significance of the OM paradigm, which was first proposed
in 1995 (10). Moreover, data suggesting the distinct
biological differences between limited metastatic lesions
and widely disseminated disease which is also supported
by their different clinical settings for multiple primary
cancers, including that of the prostate, have emerged (11).

Although no consensus exists, OM disease is generally
defined as less than or equal to five metastatic sites on
conventional imaging, including bone scintigraphy and CT,
in patients with PC (7). Because of their limited sensitivities,
which are in the 60%-80% range for a bone scan and 70%-
80% for the CT, the functional imaging modality of PET/
CT, which offers the ability to evaluate tumor metabolism
with several radiotracers, have been increasingly used
for detecting of PC metastases (3). It has been shown
that "®F-FDG PET/CT, may be useful in the diagnosis and
staging of aggressive primary prostate tumors (12). The
ability of "®F-FDG PET/CT in the detection of metastatic
disease in patients with biochemical failure and negative
conventional imaging studies has been emphasized (12).
Being highly specific, ®®Ga PSMA has been suggested as a
new radiopharmaceutical that can detect prostate cancer
relapses and metastases (2). The diagnostic sensitivity and
reproducibility of ®Ga PSMA PET/CT for the diagnosis
and staging of patients with newly diagnosed PC have
been noted as well (4). It is also been reported that
SUV__, which is the most widely used parameter for the
quantification of radiotracer uptake of the tumor, may
be used to differentiate malignant from benign lesions in
the prostate gland, and correlation of SUV__ with PSMA
expression is demonstrated (8,13). Increased '"F-FDG
uptake in primary cancers and eventually highly calculated
SUV__ values showing proliferative activity of malignant
tissue have also been reported in various tumors (14). Thus,
the association of SUV__ with the biological aggressiveness
of malignant tissue has been well established for both
radiopharmaceuticals we used in our study.

Toidentify management strategies, it is crucial to answer the
guestion of whether OM disease in PCis an indolent disease
biology that the cancer is slow-growing and has limited
metastatic potential or it is a result of existing metastatic
disease, which is depicted with more sensitive imaging
modalities an early time point(3). By Reyes and Pienta (15),
the evolution of these two theories was summarized and
it was underlined that the limited metastatic potential of
OM disease could be attributable to less aggressive cancer
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clones that can metastases to few organs in contrast to
MM disease, which harbors aggressive cancer clones able
to metastases to multiple organs. Although could not
be analyzed in our cases, by Uppal et al. (16), biological
markers related to the OM phenotype with limited potential
to develop multimetastasis were investigated, and three
miRNAs named miR-127-5p, miR-544a, and miR-655-39,
were shown to be associated with cells of low malignant
potential in a model of breast carcinoma lung colonization.
Studies assessing the clonality and metastatic potential
between prostate cancer cells demonstrated that Ki67
expression and phosphatase and tensin homolog protein
losses have been correlated with poor prognosis (17).

Results of quantification in primary tumors with
extraprostatic metastases than those without metastases
were compared and higher SUV__ in former ones were
reported previously (4). In the study by Erdogan et al. (18),
the role of SUV __ of the primary tumor as a predictor of OM
and MM disease in patients with PC was also demonstrated
with %Ga PSMA. The unusual point of our study was
investigating the results of SUV__ values in MM and OM
disease and comparing the results between them for
two different radiopharmaceuticals. Interestingly, SUV__
values calculated from metastatic lesions of PC patients
were found to be significantly higher in MM compared
with OM disease for both "F-FDG and ®Ga PSMA. Since
the accumulation of former radiopharmaceuticals shows
glucose metabolism and uptake of later is associated
with receptor expression level, statistical analysis for
comparing SUV,__ values was performed separately. In the
area of PC, a fair amount of genetic heterogeneity both
between patients and between different disease sites in
a single patient is observed (7). Taking into consideration
the relation of SUV__ with tumor proliferation rate and its
biological behavior, we thought that this difference may
be secondary to the different aggressiveness of metastatic
cells in OM and MM patients, which may support the
hypothesis suggesting their distinct biological origin.
Prostatic radiopharmaceutical uptake, on the other hand,
was not found to be significantly different between these
two diseases, which may be attributed to the low number
of patients in subgroups and was discordant with the results
of Erdogan et al. (18). Besides, the highest SUV__ result
calculated from the prostate site (122.04) was observed in
the OM group, which might play a role as an extreme value
and affect the statistical analysis in our study. However, GS,
which is a marker of aggressiveness and risk for disease
recurrence in PC, was not associated with the type of
metastatic disease. We thought that whether it is OM or
MM, the disease is metastatic; it has gained metastatic
potential employing leaving primary tumor and evading
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the immune system in contrast to non-metastatic PC. Since
all patients were metastatic in our study, we could not
observe any difference in the frequency distributions of
OM and MM patients in terms of GS.

Concordant with the results of Afshar-Oromieh et al. (2),
we found that both in patients with OM and MM disease,
bones were the most commonly involved metastatic areas
than the other sites. In the OM group, PSMA positivity
was limited to the pelvis in 68% of our patients, which
was also a similar result with the literature (19). When we
looked at the results of semi quantification of metastatic
sites, we saw those lymph node metastases presented
with the highest contrast in most cases and this was also
concordant with the results reported before (2,4).

Study Limitations

Because of consisting of patients who had gone
through therapy for primary disease, accumulation of
radiopharmaceutical in the prostate gland was observed
in a limited number of patients in our study, which can
be mentioned as a limitation as well. Most patients with
prostatic uptake were the ones with de novo disease in our
study. In the "8F-FDG group, 15 of 30 patients with de novo
disease did not show radiotracer uptake in the prostate
gland (Table 3), which may be secondary to the low glycolytic
activity of the primary tumor. Absent radiopharmaceutical
uptake of the prostate site was recognized only in 1 patient
with de novo disease in the ®Ga PSMA group, which can
be attributed to a small tumor mass that does not express
adequate tracer uptake (20). Another limitation of our
study is being heterogeneous, having both de novo and
post-therapy patients and eventually a low number of
patients in subgroups, especially in the OM group. A low
number of patients with OM disease may also be evolved
secondarily to the criteria we used for the number of
metastatic lesions for the definition of OM disease. If we
took patients with more than 3 but less than five lesions
in the OM group, we would have more patients with OM
disease. Finally, GSs were not available in all patients and
this was also a limitation of our study. Taken together, the
limitations of our study were specific to its retrospective
origin.

Conclusion

In conclusion, molecular imaging with PET/CT may play a
role in identifying the biology of OM and MM disease in
patients with PC. SUV__ results of metastatic lesions are

significantly higher in patients with MM than in patients
with OM disease for both "®F-FDG and %Ga PSMA, which
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may be secondary to their different biological contents
in terms of aggressiveness. Further studies with a larger
number of presented de novo are needed to investigate
whether prostatic uptake also differs or not between these
two diseases, which may strengthen this hypothesis.
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Abstract

Obijectives: The aim of this study is to evaluation of Tc-99m-hexamethylpropyleneamineoxime (HMPAOMabeled leukocytes in terms of
radiochemical, biochemical, and microbiological quality controls and to examine the effect of leukocyte numbers of the blood obtained from
patients and the medications currently used by the patients on the radiochemical yields of Tc:99m-HMPAO-abeled leukocytes, and imaging quality
was evaluated.

Methods: Thirty paients were included in our study who applied to Istanbul University-Cerrahpasa, Cerrahpasa Faculty of Medicine, Department
of Nuclear Medicine for Tc-99m-HMPAO-labeled leukocyte scintigraphy. Devices and chemicals used in the preparation of Tc-99m-HMPAO-abeled
laukocytes were compared with other nuclear medicine clinics. Tc99m-HMPAO-labeled leukocytes were evaluated in terms of radiochemical,
biochemical, and microbiological quality controls. The effect of leukocyte numbers of the blood obtained from patients and the medications
currently used by the patients on the radiochemical yields of Tc-99m-HMPAO-labeled leukocytes and imaging quality was evaluated.

Results: The pH range of Tc99m-HMPAO was 6-8 and the radiochemical purity was 90+2.04% (n=30), the radiochemical yield of Tc-99m-
HMPAO-labeled leukocytes was 51+2.18% (n=30), the radiolabeling yield of T-99m-HMPAO-labeled leukocyte increased as the amount of white
blood cell in the blood increased and whether the patients used any antibiotic, blood thinners, insulin and blood pressure medications did not
affect the radiolabeling yield of Tc-99m-HMPAO-abeled leukocytes. The number of erythrocytes were removed at a rate of >99% in LPR by starch
solution (6% HES; in the hemocytometric examination of Tc:99m-HMPAO-labeled leukocytes performed zeroth and 4t h, living/dead cell ratio
was found 97.5% and the product was sterile.

Conclusion: T-99m-HMPAO was labeled with leukocytes successfully, and Tc:99m-HMPAO-labeled leukocytes was safely injected to the patients
as sterile without loss of vitality and aggregation.

Keywords: Tc99m-HMPAO, Tc-99mHMPAO-abeled leukocytes, infection imaging
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Amag: Bu calismada; Tc:99m-heksametilpropilenaminoksim (HMPAO) ile isaretli I6kositlerin radyokimyasal, biyokimyasal ve mikrobiyolojik agidan

kalite kontrollerinin incelenmesi ve hasta kaninin ve l6kosit stispansiyonunun ihtiva ettigi I0kosit miktari ile hastalarin kullandiklari bazi ilaclarin Tc-
99m-HMPAQ ile I0kositlerin radyoisaretleme verimine etkisinin incelenmesi amaclanmistir.

Address for Correspondence: Prof. Emre Karayel MD, istanbul University-Cerrahpasa, Cerrahpasa Faculty of Medicine, Department of Nuclear Medicine;
istanbul University, Institute of Graduate Studies in Health Sciences, istanbul, Turkey istanbul, Turkey
Phone: +90 212 440 00 00 E-mail: emre.karayel@iuc.edu.tr ORCID ID: https://orcid.org/0000-0001-8114-2315
Received: 26.05.2022 Accepted: 27.07.2022

©Copyright 2023 by Turkish Society of Nuclear Medicine
Molecular Imaging and Radionuclide Therapy published by Galenos Yayinevi.

28


https://orcid.org/0000-0001-8114-2315
https://orcid.org/0000-0001-9214-3938
https://orcid.org/0000-0001-8767-710X

Mol Imaging Radionucl Ther 2023;32:28-34

Karayel et al. Leukocyte Labeling with Tc-99m-HMPAO

Yéntem: Calismaya istanbul Universitesi-Cerahhapasa, Cerrahpasa Tip Fakiiltesi, Niikleer Tip Anabilim Dal'na Tc99m-HMPAO ile isaretli I6kosit
sintigrafisi icin basvuran 30 hasta dahil edildi. Radyoisaretleme sirasinda kullandigimiz alet ve kimyasallar literattirde belirtilenlerle diger ¢rneklerle
karsilastirildi. Hazirlanan radyofarmasotigin kalite kontrolleri radyokimyasal, biyokimyasal ve mikrobiyolojik agidan incelendi. Hasta kaninin ve I6kosit
slispansiyonunun ihtiva ettigi I6kosit miktarlar ile hastalarin kullandiklari antibiyotik, kan sulandirici, instlin ve tansiyon ilaglarinin Tc-:99m-HMPAO
ile I6kositlerin radyoisaretleme verimine etkisi SPSS-20 programi ile istatistiksel olarak degerlendirildi.

Bulgular: Tc99m-HMPAO radyofarmasétiginin pH araliginin 6-8 ve radyokimyasal safliginin %90+2,04 (n=30), Tc99m-HMPAO ile isaretli
|6kositlerin radyokimyasal veriminin %51+2,18 (n=30), hastalarin antibiyotik, kan sulandirici, instlin ve tansiyon ilaci kullanma durumunun Tc-99m-
HMPAO ile isaretli I6kositlerin radyokimyasal verimine etki etmedigi, hasta kaninda ve I6kosit stispansiyonunda bulunan Iékosit miktar arttikca
Tc-99m-HMPAO ile isaretli I6kositlerin radyokimyasal veriminin de arttigi, kullanilan nisasta ¢ozeltisinin (%6 HES) kirmizi kan hticrelerinin %99'dan
fazlasini ortamdan uzaklastirdig, isaretli I6kositlerin hemositometrik yontemle 0 ve 4. saatte yapilan analizleri sonucu Iokositlerin %97,5 oraninda

canliigini korudugu ve son Urliniin steril oldugu tespit edildi.

Sonug: Tc-99m-HMPAO ile I6kositler basarili bir sekilde isaretlenmis ve hastalara steril, canliigini kaybetmemis ve pihtilasma olmayan Tc-99m-
HMPAO ile isaretli I6kositlerin glivenle uygulanabilecegdi sonucuna varilmistir.

Anahtar kelimeler: Tc-99m-HMPAO, Tc-99m-HMPAO isaretli I0kosit, enfeksiyon goriintileme

Introduction

Radiopharmaceuticals are drugs used in nuclear medicine
paired with radiation sources. Radiopharmaceuticals
with alpha or beta emissions are widely used for cancer
treatment, while gamma ray emitters are used in diagnostic
imaging. In the recent years, hybrid imaging systems
such as single photon emission tomography/computed
tomography (SPECT/CT), positron emission tomography/CT,
PET/magnetic resonance have added significant progress
in the use of diagnostic radiopharmaceuticals (1,2,3,4,5).
Technetium-99m  (Tc-99m) methylene  diphosphonic
acid, ®Gallium-citrate,  Tc-99m-nanocolloid,  Tc-99m-
human immunoglobulin, '®F-fluorodeoxyglucose, Tc-99m-
hexamethylpropyleneamineoxime-leukocyte (HMPAO-
leukocyte) are the most common radiopharmaceuticals
used for infection imaging. Due to differences in the
uptake mechanisms, these radiopharmaceuticals can
be used alone or together to increase specificity and
sensitivity. Tc-99m-HMPAO-labeled leukocyte scintigraphy
is a frequently preferred imaging method in infection
imaging with its high specificity and sensitivity and can
be used to determine various disorders such as occult site
of infection, osteomyelitis of the appendicular skeleton,
infected joint and vascular prosthesis, diabetic foot, fever of
unknown origin, postoperative abscesses, lung infections,
endocarditis, inflammatory bowel disease, neurological
infections, infected central venous catheters or other
devices (6,7,8,9).

Preparing Tc-99m-HMPAO-labeled leukocytes requires
considerable and careful efforts in terms of radiation
protection, and the blood may be infected with the
pathogens. Moreover, the quality of the administered
radiopharmaceutical is quite significant for mainting
patient safety after administration.

In this study, we examined Tc-99m-HMPAO-labeled
leukocytes in a cohort of 30 patients who applied to
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Istanbul  University-Cerrahpasa, Cerrahpasa Faculty of
Medicine, Department of Nuclear Medicine. The methods,
devices and chemicals used in the preparation of Tc¢-99m-
HMPAO-labeled laukocytes were compared with other
nuclear medicine clinics in Europe. Additionally, it was
assessed the possible effects of using different methods,
devices and chemicals, the currently used medications by
patients and the numbers of leukocytes [white blood cells
(WBCs)] and erythrocytes [red blood cells (RBCs)].

Materials and Methods

Thirty paients were included in our study who applied for
Tc-99m-HMPAO-labeled leukocyte scintigraphy (16 £ 14 M
and age 62+15.1).

Primarily, patients were informed about Tc-99m-HMPAO-
labeled leukocyte scintigraphy, and radiation protection
instructions were provided. Patients’ age, height, weight,
gender, blood group, and history were noted before starting
the procedure, in addition to whether they use certain
medications such as antibiotics, insulin, blood pressure ,
and blood thinners.

The preparation of Tc-99m-HMPAO-labeled leukocytes was
carried out under 2 main headings: “isolation of leukocytes”,
and radiolabeling and purification”. All procedures were
carried out under aseptic condition.

Isolation of Leukocytes

A total of 80 mlL blood was taken from the patients
with a butterfly needle (20 G) gently, 40 mL each into 2
sterile 50 mL syringes containing 0.5 mL anticoagulant
(vasparin 1). 500 pyL of 80 mL blood taken from the
patients were separated to determine the number of
leukocytes, erythrocytes, neutrophils, and lymphocytes in
the blood. Samples with the number of WBCs >5.5 (10°/
uL) in the blood were compared with those with <5.5
(103/uL) through the change in the radiolabeling yield of
Tc-99m-HMPAO-labeled leukocytes. 10 mL of 80 mL was
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centrifuged (2000 g) and 3-5 mL volume of supernatant
(cell free plasma, CFP) was used to dilute Tc-99m-HMPAO-
labeled leukocytes just before the injection (6,10,11).

7 mL of PF polihes (HES 200/0.5) 6% starch solution
was added to the remaining 50 mL syringes containing
approximately 35 mL blood, and mixed slowly and left
for erythrocyte sedimentation for 40-60 minutes. During
sedimentation, the amount of supernatant (leukocyte-
rich plasma, LRP) was visually checked. At the end of
the sedimentation, the supernatant was transferred to
a falcon tube before centrifuging (150 g, 5 min) 500 pL
of the supernatant was separated again to determine
the numbers of RBC and WBC in LRP by flow cytometry.
Samples with the numbers of WBCs >2x108 in the blood
were compared with those with <2x108 through the
change in the radiolabeling yield of Tc-99m-HMPAO-labeled
leukocytes. After centrifugation, the pellet was diluted
with 2.5 mL vasparin-2 solution (6,10,12).

Vasparin-1 solution: 1.6 mL of heparin sodium (25.000 IU)
+ 8.4 mL Nacl (0.09%).

Vasparin-2 solution: 0.1 mL of vasparin-1 solution + 9.9 mL
NaCl (0.09%).

Radiolabeling and Purification

Tc-99m-HMPAO was prepared by adding 40 mdCi/2 mL
freshly eluted (<30 min) Tc-99m to the HMPAO cold kit
and incubated 10 min at room temperature. Afterward,
leukocytes in 2.5 mL vasparin-2 solution and 20 mCi/1 mL
Tc-99m-HMPAO were mixed into a 50 mL sterile falcon tube
and incubated for 20 min at room temperature. During
incubation, the mixture was shaken periodically. At the
end of the incubation, the mixture was centrifuged (150
g, 5 min) and the supernatant was removed via pasteur
pipette. Both pellet and supernatant were counted with a
dose calibrator to calculate the radiolabeling yield of Tc-
99m-HMPAO-labeled leukocytes (6,10,11).

Then, the pellet was diluted with 20 mL of sterile saline
and 1 mL of 20 mL labeled leukocyte suspension separated
for inoculation to sabouraud dextrose broth medium and
1 mL to fluid thioglycollate medium The remaining labeled
leukocyte suspension was centrifuged over again (150
g, 5 min) and the supernatant was removed. The pellet
was diluted with CFP 100 pL of the patients’ dose was
separated for the hemocytometer method to determine
the viability of leukocytes (6,10,11).

Quality Controls

Radiolabelling Efficiency of Tc-99m-HMPAO

The radiolabelling efficiency of Tc-99m-HMPAO was carried
out with the paper chromatography method. Whatmann-3
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paper was used as the stationary phase and ethyl acetate
was used as the mobile phase (13,14). Lipo-Tc-99m-HMPAO
showed an Rf value of 1.0. Hydro-Tc-99m-HMPAO and free
Tc-99m showed an Rf value of 0.0. The strips were scanned
with a scanner (Cyclone® Plus Storage Phosphor System,
Perkin Elmer, Milan, Italy). The effect of the radiochemical
purity on the radiolabeling yield of Tc-99m-HMPAO-labeled
leukocytes was analyzed with SPSS-20.

Biochemical Analysis

The numbers of RBC, WBC, neutrophil and lymphocytes
in the blood and numbers of RBC and WBC in LPR were
determined by flow cytometry using a Beckman Coulter-
LH780 device in a volume of 200 pL and manual method
(15). The effect of the number of WBC in the blood and
LPR on the radiolabeling yield of Tc-99m-HMPAO-labeled
leukocytes was analyzed with SPSS-20.

Microbiological Quality Control of Tc-99m-HMPAO-
labeled Leukocyte

1 mL samples obtained from 20 mL Tc-99m-HMPAO-labeled
leukocytes, which diluted with 0.9% NaCl were kept until
the amount of radioactivity fell below the limits allowed
by the Nuclear Regulatory Authority, and then sterility test
in accordance with European Pharmacopoeia was applied
at Istanbul University, Faculty of Pharmacy, Department
of Pharmaceutical Microbiology (6,16). Additionally, 100
uL samples obtained from the Tc-99m-HMPAO-labeled
leukocyte were added to the Eppendorf tubes containing
100 pL methylene blue before the injection. The sample
was shook gently and dripped onto a hemocytometry slide
and examined under a light microscope to determine the
viability of leukocytes at zeroth and 4" hours (6).

SPECT/CT Imaging Procedure and Calculation of
Spleen/Liver Ratio

Scintigraphy images were acquired at 30 min and 4 h after
Tc-99m-HMPAO injection. At 30 min, a static (planar) image
was made for 10 min with 256x256 matrix size followed
by a 1 minute spleen static image with the same matrix
size. At the 4™ h, static imaging was again conducted for
up to 10 min with a 256x256 matrix, then SPECT/CT was
performed with 32 frames, 45 second/frame, and 128x128
matrix size (17).

From 30 minutes images, spleen/liver uptake ratio, and
lung uptake was derived and lung uptake was calculated
at the 4"™hour via Image-J program (10.6 mCi, n=3).

This study Istanbul University-Cerrahpasa, Cerrahpasa
Faculty of Medicine, Ethics Committee approval was
obtained (number: 59491012-604.01.02), and all patients
signed written informed consent.
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Statistical Analysis

The effect of the blood thinners, insulin, antibiotics and
blood pressure medications, and the amount of leukocytes
in the blood and LPR were explored through the change in
the radiolabeling yield of Tc-99m-HMPAO-labeled leukocytes
using the SPSS-20 program. Mann-Whitney U test was used
for comparing the means as the data showed no normal
distribution.

Results

Isolation of Leukocytes

Any abnormalities, aggregates, clumps, or clots were not
observed the during the isolation of leukocytes.

Quality Controls

Radiolabeling and Purification

The pH of Tc-99m-HMPAO was measured between 6 and
8 via a pH strip. The contents of the kit were completely
dissolved and the radiochemical purity of Tc-99m-HMPAO
was 90£2.04% (n=30) (Table 1).

During the radiolabeling and purification of Tc-99m-
HMPAO-labeled leukocytes, it was observed that the
leukocytes did not aggregate and the radiolabeling yield
was found >40% for 28 patients, <40% for 2 patients, and
51+10.9% on average (Table 2).

Table 1. Radiochemical purity of Tc-99m-HMPAO

Patient The_ radiochemical Patient The_ radiochemical

no purity of Tc-99m- no purity of Tc-99m-
HMPAO (%) HMPAO (%)

1 93.4 16 91

2 91 17 89.5

3 91 18 89.5

4 95.7 19 91

5 87 20 93

6 87 21 93

7 91 22 89

8 91 23 89

9 91 24 91

10 91 25 91

1 91 26 90

12 91 27 90

13 86.4 28 92

14 86.4 29 92

15 93.4 30 90

HMPAO: Hexamethylpropyleneamineoxime
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Biochemical Analysis

The numbers of leukocytes, erythrocytes, neutrophils, and
lymphocytes in the blood samples of patients and the
numbers of erythrocytes in the LRP are shown in Table 3.

Microbiological Quality Control

No microbial growth was found in Tc-99m-HMPAO-
labeled leukocytes, it was sterile. Additionally, in the
hemocytometric examination of Tc-99m-HMPAO-labeled
leukocytes performed zeroth and 4™ hour, living/dead cell
ratio was found 97.5%.

The Effect of the Medications Used by the Patients
on the Radiolabeling Yield of Tc-99m-HMPAO-Labeled
Leukocyte

The effect of whether the patients used any antibiotics,
blood thinners, insilin, and blood pressure medications, as
well as the quantity and duration of medications on the
radiolabeling yield of Tc-99m-HMPAO-labeled leukocytes
were analyzed with SPSS-20 (Table 4). It was revealed that
the frequently used medications have no effect on the
radiolabeling yield (p>0.05).

SPECT/CT Imaging

At SPECT/CT imaging, it was found that the spleen uptake
was more than liver uptake and at 30" minute and 4" hour
imaging there was no uptake in the lung.

Discussion

This study aimed to adapt the protocol specified as
“Guidelines for the labeling of leucocytes with Tc-99m-
HMPAQ" (6) to our own conditions at Istanbul University-
Cerrahpasa, Cerrahpasa Faculty of Medicine, Department of
Nuclear Medicine. Also, the evaluation of Tc-99m-HMPAO-
labeled leukocytes in terms of radiochemical, biochemical,
and microbiological quality control. Furthermore, the effect
of the medications currently used by the patients and
leukocyte numbers in the blood obtained from patients
and LPR on radiochemical yields of Tc-99m-HMPAO-labeled
leukocytes and imaging quality was evaluated.

Frequent medications involving antibiotics, insulin, blood
pressure, and blood thinners as well as the amount and
duration of use were recorded. In despite of these results,
the medications currently used by the patients did not
affect the imaging quality and the radiolabeling yield of
Tc-99m-HMPAO-labeled leukocytes statically (p>0.05). In
line with these findings, it was concluded that patients can
safely use these medications before the procedure as this
is a crucial issue that impacts the quality of life of patients.

During the leukocyte isolation step, the patient’s blood
was taken into 50 ml injectors containing vasparin-1
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Table 2. Radiolabeling efficiency of Tc-99m-HMPAO-labeled leukocytes

No 1I-Ic-l\l?g:1(-) ;I:l;ge?;-l;le“::&(;;e ::ffii.olabeling No Lc“',? 3:‘0 Tc-99m-HMPAO-labeled | Radiolabeling
activity (mCi) | activity (mCi) iciency (%) activity (mCi) leukocyte activity (mCi) | efficiency (%)

1 20 10,5 52.5 16 20 8.25 41.25

2 20 9 45 17 20 13.01 65.05

3 20 10 50 18 20 10.4 52

4 20 10.3 51.5 19 20 14.8 74

5 20 8.75 43.75 20 20 12.4 62

6 20 12.6 63 21 20 10.5 52.5

7 20 9 45 22 20 8.1 40.5

8 20 11.38 56.9 23 20 10.55 52.75

9 20 10.35 51,75 24 20 7.2 36

10 20 12.00 60 25 20 13.83 69.15

1 20 9.69 48.45 26 20 8.61 43.05

12 20 15.2 76 27 20 11.2 56.15

13 20 9.6 48 28 20 9.2 46

14 20 8.5 42.5 29 20 9.9 49.5

15 20 10.1 50.5 30 20 5.1 25.5

HMPAO: Hexamethylpropyleneamineoxime

Table 3. Analysis of cell numbers of leukocytes, erythrocytes, neutrophils and lymphocytes

e s | €
el < w T —~ < n

e | 5 | &8 | | 2] % || s |8 |22 ¢
E | 82| £3 | 3| 2 £ | g | 3 | 3| | g | £

1 4.65 0.03 5.1 77.4 16.1 16 5.36 0.02 3.8 56 39

2 4.78 0.04 5.1 45.6 46.1 17 4.76 0.02 10.3 59 29

3 6.35 0.04 54 70.6 20.7 18 4.53 0.04 6.4 58 35

4 3.9 0.03 7 53.2 37.4 19 4.86 0.03 55 45.8 343

5 5.49 0.03 5.1 67 254 20 4.21 0.03 5 61.3 33.3

6 5.85 0.03 3.4 524 42.6 21 4.89 0.03 10 82.5 12.1

7 4.72 0.04 4.5 62.1 32.1 22 4.66 0.03 3.8 437 41

8 5.9 0.04 53 73.8 19 23 4.77 0.03 7.4 495 36.1

9 5.1 0.04 9.2 85.9 11.7 24 6.29 0.04 6.2 65.2 28.7

10 6.45 0.02 2.9 69.5 23.3 25 5.68 0.03 6.3 54 33.6

11 5.67 0.02 4 64.7 28.7 26 5.01 0.02 2.8 56 40.7

12 3.99 0.03 5.8 70 19.9 27 7.63 0.03 3.3 67.5 259

13 4.59 0.03 3.7 66.3 21.2 28 4.1 0.02 4.4 86.9 8.7

14 4.85 0.05 5.1 56.4 37.5 29 4.62 0.01 3.5 82.5 6

15 4.71 0.03 3.7 55.5 40 30 4.1 0.02 4.4 86.9 8.7

RBC: Red blood cell, WBC: White blood cell, LRP: Leukocyte-rich plasma
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Table 4. Medications currently used by patients and radiolabeling yield of Tc-99m-HMPAO-labeled leukocytes

Antibiotics Blood thinners | Insulin Blood pressure
Number of patients using medications 7 9 10 g
Radiolabeling yield of Tc-:99m-HMPAO-labeled leukocytes belongs 10.54 11.37 10.93 10.48
patients using medications (mCi)
Number of patients not using medications 23 21 20 21
Radiolabeling yield of Tc-99m-HMPAO-labeled leukocytes belongs 10.27 9.89 10.03 10.27
patients not using medications (mCi)

HMPAO: Hexamethylpropyleneamineoxime

solution to prevent coagulation. In the guidelines (6),
anticoagulant citrate dextrose solution (ACD-A) is used as
an anticoagulant. In our study, since ACD-A is not available
in our department, heparin sodium was used instead of
ACD-A, and any coagulation problem was not experienced.

Inthe guidelines (6), it is stated that at least 2x 108 leukocytes
must achieve a good labeling efficiency. In our study, the
mean number of leukocytes in the blood and in the LPR
was determined as 3.69+1.36x10® and 2.89.88+x108
respectively and these are above the numbers specified
in the guidelines. The samples with the number of WBCs
>5.5 (103/uL) in the blood were compared with those of
<5.5 (103/uL). And the samples with the numbers of WBC
>2x108 in the LPR were compared to those of <2x108.
The radiochemical yield of the Tc-99m HMPAO-labeled
leukocytes of the samples with the number of WBC >5.5
(103/uL) in the blood was higher than those of <5.5 (10%/
uL). The radiochemical yield of the Tc-99m HMPAO-labeled
leukocytes of the samples with the number of WBC >2x 102
in the LPR was higher than those of <2x108. For the first
time in our study, the effect of the WBC numbers on the
radiolabeling yield of Tc-99m-HMPAO-labeled leukocytes
was compared.

According to guidelines (6), 10% HES (200/0.5 or 200/0.6)
solution is recommended for getting LPR from the blood.
In our study, we use 6% HES (200/0.5) solution, which was
used by other groups (10,12). The erythrocyte numbers
in the LPR determined with flow cytometer was found
average 0.03+0.008*10%/uL. In other words, the number
of erythrocytes were removed at a rate of >99% in LPR.
This result is similar to the other group (11).

Itis relevant to prepare Tc-99m-HMPAO during radiolabeling
as it affects the radiolabeling yield of Tc-99m-HMPAO-
labeled leukocytes. In our study, radiochemical purity of
Tc-99M-HMPAO prepared with freshly eluted Tc-99m-
pertechnetate, an average of 90%+2.04 was found and it
falls within the limits specified in European Pharmacopeia.

While lipo- T¢-99m-HMPAO is labeled with leukocytes,

it passes into the cell by passive diffusion and becomes
trapped there. In the guidelines (6), it is stated that >40%
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radiochemical yield is sufficient. In our study, the average
radiolabeling vyield of Tc-99m-HMPAO-leukocytes was
found 51£10.9% and it was within the limits accepted by
the guideline.

Aswithallotherintravenouslyinjected drugs, microbiological
tests must be applied to Tc-:99m-HMPAO-labeled leukocytes,
which are classified as drugs by the Food and Drug
Administration. In our study, a sterility test was applied to
Tc-99m-HMPAO-labeled leukocytes in accordance with the
European Pharmacopoeia. The samples were inoculated in
liquid sabouraud medium and incubated for 14 days in an
incubator at 25 °C and inoculated in thioglycolate liquid
medium and incubated for 14 days in an incubator at 37
°C. Under normal conditions, at the end of the incubation
period, the presence of growth in these media is evaluated
according to the presence of turbidity with visual controls.
However, since the samples contain leukocyte cells in both
media, it is not possible to control the turbidity visually. At
the end of the 14-day incubation period, the samples taken
from the liquid sabouraud medium are cultured again into
the sabouraud dextrose agar medium for 5 days, and the
samples taken from the thioglycolate liquid medium are
cultured again into the tryptic soybean medium for 3 days.
At the end of the incubation periods, it was evaluated
visually whether bacteria or fungal colonies grew on the
media. Additionally, the samples were inoculated in sheep
blood agar medium to grow other microorganisms and to
determine hemolysis reactions, and were incubated for 3
days in an incubator at 37 °C. According to the sterility
test, it was determined that there was no growth in all
media and all the products were sterile.

Because of the visual controls, no clots or clusters were
found. The results are similar to other studies (6,10,11).

While  preparing  Tc-99m-HMPAO-labeled  leukocytes,
the leukocytes must not lose their vitality during both
labeling and after they are injected. Leukocytes that lose
vitality are not labeled during the labeling process and the
biodistribution is not like living cells after injection. In our
study, the viability control leukocytes were performed with
the hemocytometer and number of viable cells was found
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97.5%. In the guidelines (6), it is stated that >96% viable
cells are sufficient.

At SPECT/CT imaging, it was found that the spleen uptake
was more than liver uptake and at 30" minute and 4™
h scans, there was no uptake in the lung same as the
guideline reported (6).

Conclusion

The protocol specified “Guidelines for the labeling of
leucocytes with Tc-99m-HMPAQ” (6) is successful and
applicable at our site at Istanbul University-Cerrahpasa,
Cerrahpasa Faculty of Medicine, Department of Nuclear
Medicine. Tc-99m-HMPAO-labeled leukocytes was safely
injected as sterile without loss of vitality and aggregation .

It was found that the medications currently used by the
patients did not affect the radiolabeling yield of Tc-99m-
HMPAO-labeled leukocytes and the radiolabeling vyield
of Tc-99m-HMPAO-labeled leukocytes increased as the
leukocyte numbers increased.

Consequently, the protocol of preparing Tc-99m-HMPAO-
labeled leukocytes and quality controls was installed in our
department.
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Abstract

Objectives: "®F-fluorodeoxyglucose (FDG)-positron emission tomography/computed tomography (PET/CT) is a useful staging method in pancreatic
cancer. The prognosis of pancreatic adenocarcinoma is affected by the tumor stage and resectable state. Maximum standardized uptake value
(SUV_ ), metabolic tumor volume (MTV), and total lesion glycolysis (TLG) of primary tumors are related to prognostic parameters in pancreatic
cancer. This study compared '®F-FDG PET/CT findings with prognostic factors and overall survival of patients with pancreatic cancer.

Methods: Patients with pancreatic adenocarcinoma, referred to our department between 2015 and 2022 for staging, were retrospectively
evaluated. Head-to mid-thigh PET/CT images were obtained 1 h after "®F-FDG injection. Demographic data, survival, and clinical and pathological
findings of 39 patients, who underwent surgery after PET/CT imaging, were collected. All primary tumor MTV, SUV__, background SUV__, and
TLG data have were measured.

Results: The images of 39 patients (24 women and 15 men) with a mean age of 66.62+9.60 years were evaluated. The mean SUV__, MTV 40%,
and TLG of the primary tumors in the pancreatic tissue were 6.28+2.33, 19.33+9.77, and 66.56+45.99, respectively. The average survival after
disease diagnosis was 18.97+11.47 (2-55) months. MTV and TLG were significantly higher in patients who died during our study. SUV__ has a
significant effect on mortality.

Conclusion: "®F-FDG PET/CT metabolic parameters of SUV.__ MTV, and TLG could help predicting the prognosis of pancreatic cancer preoperatively
and follow-up in patients with resectable tumors. Additionally, in our study group tumor grade and perineural invasion significantly affected overall
survival.

max’ max’

Keywords: Positron emission tomography/computed tomography, pancreatic cancer, metabolic tumor volume, total lesion glycolysis, maximum-
standardized uptake value

Oz

Amagc: "®Fflorodeoksiglukoz (FDG)-pozitron emisyon tomografisi/bilgisayarli tomografi (PET/BT), pankreas kanserinde yararli bir evreleme
yontemidir. Pankreas adenokarsinomunun prognozunu, tumor evresi ve rezektabl olmasi etkilemektedir. Primer timdrin maksimum
standartlagtinlmis alim degeri (SUV__ ), metabolik timdr hacmi (MTV) ve toplam lezyon glikolizisi (TLG), pankreas kanserinde prognostik
parametrelerle iliskili oldugu gosterilmistir. Bu calisma, pankreas kanserli hastalarin '®F-FDG PET/BT bulgularininin prognostik faktorler ve sagkalim
ile arasindaki iliskiyi arastirmayr amaclamistir.
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Yontem: 2015-2022 yillari arasinda bolimimuze evreleme icin sevk edilen pankreas adenokarsinomu tanili hastalar retrospektif olarak
degerlendirildi. "8F-FDG enjeksiyonundan 1 saat sonra bas-uyluk ortasi PET/BT goriintuleri elde edildi. PET/BT gorlintileme sonrasi opere edilen
39 hastanin demografik bilgileri, sagkalim stireleri, klinik ve patolojik bulgulari toplandi. Primer timére ait MTV, SUV__ , arka plan SUV__ ve TLG
verileri 6lcllerek hesaplamalar yapildi.

Bulgular: Yas ortalamasi 66.62+9.60 yil olan 39 hastanin (24 kadin ve 15 erkek) gorintuleri degerlendirildi. Pankreas dokusunda primer timarin
ortalama SUV__, MTV %40 ve TLG'si siraslyla 6.28+2.33, 19.33+9.77 ve 66.56+45.99 idi. Hastallk teghisi sonrasi ortalama sagkalim 18.97+11.47
(2-55) ay olarak bulundu. Calismamiz sirasinda 6len hastalarda MTV ve TLG anlamli olarak daha yiksekti. SUV__ ‘in mortalite Gzerinde énemli bir
etkisi oldugu saptandi.

Sonug: Preoperatif olarak elde edilen metabolik ®F-FDG PET/BT parametreleri olan SUV__ , MTV ve TLG rezektabl pankreas kanserinin prognozunu
Ongdrmede ve takipte yardimai olabilir. Ek olarak, timdr derecesi ve perindral invazyon da genel sagkalimi énemli dlctide etkiledigi calismamizda
anlasiimistir.

Anahtar kelimeler: Pozitron emisyon tomografisi/bilgisayarli tomografi, pankreas kanseri, metabolik timd&r hacmi, toplam lezyon glikolizis,

maks’
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maksimum standartlastiriimis alim degeri

Introduction

Pancreatic cancer is one of the deadliest cancer types with
high mortality rates, since it is usually detected with distant
metastases. Due to the location of the tumor, it might
not present symptoms in the initial stage. Even though
the resection of the tumor has a curative effect, not every
patient can gain the advantage of surgery. Mortality rates
are almost 15% in a patient with an early stage (1,2,3).

The prognostic factors in pancreatic cancer are already
been defined and mostly related to pathological findings
such as tumor size, grade, lymph node metastases, tumor
differentiation, perineural invasion, and lymphovascular
invasion. These prognostic factors are proved to affect
recurrence and survival (1,4).

'8F-fluorodeoxyglucose (FDG) positron emission
tomography/computed tomography (PET/CT) is widely
used in patients with pancreatic cancer. The contribution
of PET/CT in clinical management is already known,
particularly in staging. Detecting distant metastases could
change the treatment decision, which also affects survival.
A prospective multicenter study emphasized a 40% effect
on management after '®F-FDG PET/CT imaging on initial
staging (5). Furthermore, "8F-FDG PET/CT imaging could
provide beneficial information about recurrence (6). The
most commonly used parameter for metabolic activity is the
maximum standardized uptake value (SUV,__) for defining
the aggressiveness of the tumor and disease. Higher
SUV__ is well known for low differentiation and poor
prognosis (7). PET/CT also allows volume measurement
with the combination of metabolic parameters. Metabolic
tumor volume (MTV) and total lesion glycolysis (TLG) are
shown to be helpful in understanding the prognosis of
the disease in many cancer types. MTV and TLG are the
best volumetric data that provide information about the
tumor mass burden on the whole body. These data provide
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valuable information about survival, which could even be a
prognostic indicator of worse clinical behavior (8,9).

This study correlated the volumetric analyses and "®F-FDG
parameters with prognostic factors of patients, increasing
the knowledge of the relationship between survival after
the disease diagnosis and PET data.

Materials and Methods

Patients with biopsy-proven pancreatic adenocarcinoma
that were referred to our department for staging
with "8F-FDG PET/CT between 2015 and 2022 were
retrospectively evaluated. All patients underwent surgery
after PET/CT. Patients who received treatment or underwent
surgery before PET/CT were excluded from the study. The
histopathology reports of patients had been received after
surgery. All demographic data and pathological prognostic
findings after surgery were obtained. Grade and size
of the tumor, positivity for lymphovascular invasion,
perineural invasion, and lymph node metastases were the
data included in our study for the correlation. The tumor
grade was classified as well or poor differentiated. Other
the data besides tumor size were classified as positive or
negative.

For the 'F-FDG PET/CT protocol, all patients received
approximately 111-370 Mbqg (3-10 mci) of 8F-FDG. After
45-60 min with an empty bladder, head to mid-thigh whole
body CT (130kV, 50-80 mAs; slice thickness, 3 mm) and PET
images were obtained (GE Healthcare, Wisconsin, USA).
Oral contrast was used in all patients; in the meantime,
intravenous contrast could not be performed in all patients.
All PET/CT was were obtained using the same protocol; 1
h after injection of 8F-FDG, head to mid-thigh images were
obtained. All images were retrospectively evaluated again,
and findings were noted. Patients with distant metastases
were excluded from the study to understand the effect of
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the measurements of only primary tumor burden. "®F-FDG
uptake >2.5 than background activity was accepted as
pathological. The region of interest was drawn from the
primary tumor location in the pancreatic tissue. SUV__,
MTV (cm?3), and TLG (g/mL) of the primary tumor were
measured using a GE Healthcare PET workstation (Figure
1). For MTV and TLG data, 40% cut-off value was defined
as suggested in routine measurements. This threshold is
most commonly used for measurements of metabolic
volume parameters (10). Background SUV __ was also
measured from the gluteal region where there was no
pathological activity. The background SUV__ ratio was used
in calculating the ratio with primary tumor SUV__ when
necessary.

The survival data of the patients were obtained from the
hospital system during the collection of the data of this
study. The survival data were calculated as months after
initial diagnosis and followed by '®8F-FDG PET/CT. The
mortality rates were also collected from the patients who
died during the data collection of the study. Ethical approval
was obtained from the University of Health Sciences Turkey,
Sisli Hamidiye Etfal Training and Research Hospital Ethics
Committee no: 3105, date: 02.02.2021, and all patients
provided written informed consent.

Statistical Analysis

All data were analyzed using the Statistical Package for
the Social Sciences software for Windows (version 17.0;
IBM, Armonk, NY, USA). Individual and aggregate data
were summarized using descriptive statistics, including
mean, standard deviations, medians (min-max), frequency
distributions, and percentages. The Normality of the data
distribution was verified by histogram graphs and the
Kolmogorov-Smirnov test. For the variables that were
not normally distributed, the Mann-Whitney U test was
conducted to compare groups. The presence of correlation
was analyzed with Spearman’s rho test. For survival

Figure 1. Volumetric measurement of the primary lesion on the head of
the pancreas with a 23.59 cm?® metabolic tumor volume and 112.1 g/mL
of total lesion glycolysis
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analyses, Kaplan-Meier analyses were used in the univariate
analyses, and Cox regression was used in the multivariate
analyses. Receiver operating characteristic (ROC) analysis
was used to define cut-off values. P values <0.05 were
considered statistically significant.

Results

Thirty-nine patients with histologically proven resectable
pancreatic adenocarcinoma were included in this study. Of
39 patients, 24 were male, with a mean age of 66.62+9.60
(min-max: 41-80) years. The mean SUV__ of the primary
tumor was 6.28+2.33, and the background to primary
tumor SUV__ ratio was 8.09+3.50. The mean MTV and
TLG values of the primary tumor were 19.33+9.77 cm?® and
66.56+ 45.99 g/mL, respectively.

The mean tumor size of the primary tumor was 3.31+1.78
cm. Patients were divided into the well (n=32) or poorly
(n=7) differentiated groups. Twenty-eight patients from
the group had pathologically proven local lymph node
metastases. Based on the pathology reports after surgery,
36 patients were positive for lymphovascular invasion,
whereas 30 patients were positive for perineural invasion
(Table 1).

The mean overall survival rate after diagnosis was
18.97+11.47 (2-55) months. Twenty-two patients were

Table 1. Demographics of the patients enrolled to study

Clinical characteristics Values

Sex (n)

Male 24

Female 15

Age mean = SD (min-max) 66.62+9.60 (41-80)
Primary tumor size (cm) 3.31£1.78 (0.6:9)
Grade of the tumor (n) 32
Well-differentiated 7
Less-differentiated

Lymph node metastases (n)

Positive 28

Negative 11

Primary tumor SUV__ (min-max) 6.28+2.33 (2.8-13.9)
Metabolic tumor volume (cm?) 19.33+9.77

Total lesion glycolysis (g/mL) 66.56+45.99
Lymphovascular invasion (n)

Positive 36

Negative 3

Perineural invasion (n)

Positive 30

Negative ©

Overall survival after diagnosis (months) | 18.97+11.47

SD: Standard deviation, min: Minimum, max: Maximum, SUV__: Maximum

standardized uptake value
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reported dead during the data collection of our study.
In the Kaplan-Meier analyses, overall survival had a
significant relationship with primary tumor grade and
perineural invasion (p=0.026; p=0.005 respectively, Figure
2). Multivariate Cox regression analysis has shown that
SUV__ has a significant effect as an independent factor
on mortality (p=0.045, hazard ratio: 1.56, 95% confidence
interval: 1.01-2.4, Figure 3). The TLG and MTV data of the
patients who have died during the study were significantly
higher than patients who were alive in the univariate
analyses (p<0.001 and p<0.001, Figure 4).

Poorly differentiated tumor grade had a significant
relationship with higher primary tumor SUV__ (p=0.031).
Patients positive for lymph node metastases had significantly
higher primary tumor SUV__ than the negative group. TLG

I Negative
1 Positive

7 Less differentiated

1 Well differentiated periesss| tvvsslon

Tumor Grade

Survival time (months) Survival time (months)

Figure 2. Kaplan-Meier curves of tumor grade and perineural invasion
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Figure 3. Effect of SUV__ as an independent factor on survival
SUV__: Maximum standardized uptake value

of the primary tumor was significantly higher in patients
with perineural invasion (p=0.049).

ROC analysis was conducted for the cut-off values that were
defined for the PET data that are statistically significant
(Table 2). Primary tumor size with a cut-off value of 3.15 cm,
sensitivity, specificity, positive predictive value, and negative
predictive values were 59.09%, 88.24%, 86.67%, and
62.50%, respectively. The cut-off value for MTV was 13.80
cm? and sensitivity, specificity, positive predictive value, and
negative predictive values were 95.45%, 70.59%, 80.77%,
and 92.31%, respectively. The TLG cut-off value was 56.85
g/mL with sensitivity, specificity, positive predictive value,
and negative predictive value of 77.27%, 94.12%, 94.44%,
and 76.19% (Figure 5). Nonetheless, ROC analyses for
SUV__ values did not show a significant result (p=0.854).

Discussion

SUV__ measurements have been successfully used and
provided valuable information about the tumor’s behaviour
(11,12). Furthermore, SUV__ has been described as
an independent prognostic factor in pancreatic cancer
(13). Metabolic parameters of the tumor are shown to
be as important as the anatomical information for the
patient’s prognosis. Nevertheless, as a drawback, the
heterogeneous distribution of the ®F-FDG inside the tumor
could be deceptive. Other than in our routine daily practice,
metabolic volume measurements are also available for
evaluating tumor characteristics. In particular, studies
have emphasized that metabolic volumetric data is helpful
for understanding prognosis, tumor aggressiveness, and
therapy assessment (9,14,15). The most useful volumetric
parameters of MTV and TLG define additional and more
detailed knowledge about tumor and metabolic function.
Some studies have emphasized the effect of volumetric
parameters on survival in pancreatic adenocarcinoma,
more than SUV__ (16,17).

Patients who died had significantly higher MTV and TLG
values than patients who were alive during the study.
Another study similar to this study concept with 63 patients
with resectable pancreatic adenocarcinoma reported a
significant relationship between metabolic parameters and
survival. The cut-off levels of MTV of 7.38 cm® and TLG

Table 2. ROC analysis and the cut-off values

Cut-off Sensitivity Specificity PPV NPV Cl (95%) p
Tumor size 3.15 59.09% 88.24% 86.67% 62.50% 0.580.9 0.010
MTV cm? 13.80 95.45% 70.59% 80.77% 92.31% 0.79-0.9 <0.001
TLG g/mL 56.85 77.27% 94.12% 94.44% 76.19% 0.740.9 <0.001

ROC: Receiver operating characteristic, MTV: Metabolic tumor volume, TLG: Total lesion glycolysis, PPV: Positive predictive values, NPV: Negative predictive values, Cl:

Confidence interval
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Figure 4. TLG and MTV data of the patients were significantly higher in patients who died during the study in univariate analyses
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Figure 5. ROC curves for the cut-off values of primary tumor size, MTV and TLG
ROC: Receiver operating characteristic, MTV: Metabolic tumor volume, TLG: Total lesion glycolysis

of 18.6 g/mL of this study were lower than our results
found in the ROC analysis (18). Furthermore, one of the
latest studies found a significant effect of MTV and TLG
on survival. The median levels of MTV: 10 cm® and TLG:
55 were compatible with our cut-off levels (19). Likelihood,
there is still no consensus on the volume thresholds of
the measurements, and the results slightly differ also with
other studies.

Compatible with other studies, we have found that higher
primary tumor SUV__ had a significant effect on mortality.
Furthermore, tumor grade and perineural invasion were
found to have a significant effect on overall survival in our
patient group (7,20). Additionally perineural invasion was
significantly correlated with TLG of the primary tumor in
our study. Some other studies have reported no relationship
between metabolic parameters and survival to either the
lymphatic or perineural invasion (21,22). Another study
emphasized a significant relationship between metabolic
parameters and lymphovascular invasion (18). 8F-FDG
PET/CT findings are indicated for predicting tumor biology
in pancreatic cancer. Perineural invasion is as a negative
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prognostic factor and is related to tumor aggressiveness
(22,23). The difference in our results from other studies
could be caused by patients with metastases, who were
excluded from our study, which could affect a more
perineural positivity in the initial stage of these patients.
Furthermore, we also believe that the results might be
affected by the heterogeneous distribution or a small
number of patients.

Daily practice of the "®F-FDG PET/CT reports do not always
include volumetric analyses. However, with the results of our
study, we emphasized that the volumetric measurements
and correlations should be considered for reporting. This
would lead the clinician to decide on the next step after
or even before surgery for operable patients, especially
guiding for patient-specific treatment and follow-up of
curative disease with being aware of early recurrence.

Study Limitations

This retrospective study has limitations. First of all this was
a retrospective study. Since referral patients from other
hospitals, not all patients were followed-up in our hospital.
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Hence, we could not reach the detailed time to progression
data. Furthermore, interobserver or intraobserver
agreement of the "®F-FDG PET/CT data analyses was not
considered. Prospective trials with more patients should be
conducted to evaluate predicting mortality with volumetric
analyses and change rates of either overall survival or
quality of life of the patient.

Conclusion

Metabolic volumetric parameters of ®F-FDG PET/CT can
provide beneficial prognostic information that could direct
the treatment and follow-up strategy in staging resectable
pancreatic adenocarcinoma. Additionally, SUV__ has a
significant effect on mortality, whereas tumor grade and
perineural invasion has been shown to have a significant
effect on overall survival.
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Abstract

Objectives: Attenuation correction (AC) using transmission scanning-ike computed tomography (CT) is the standard method to increase the
accuracy of cardiac single-photon emission computed tomography (SPECT) images. Recently developed dedicated cardiac SPECT do not support
CT, and thus, scans on these systems are vulnerable to attenuation artifacts. This study presented a new method for generating an attenuation
map directly from emission data by segmentation of precisely non-rigid registration extended cardiactorso (XCAT)-digital phantom with cardiac
SPECT images.

Methods: In-house developed non-rigid registration algorithm automatically aligns the XCAT- phantom with cardiac SPECT image to precisely
segment the contour of organs. Pre-defined attenuation coefficients for given photon energies were assigned to generate attenuation maps.
The CT-based attenuation maps were used for validation with which cardiac SPECT/CT data of 38 patients were included. Segmental myocardial
counts of a 17-segment model from these databases were compared based on the basis of the paired t-test.

Results: The mean, and standard deviation of the mean square error and structural similarity index measure of the female stress phase between
the proposed attenuation maps and the CT attenuation maps were 6.99+1.23% and 92+2.0%, of the male stress were 6.87+3.8% and 96+1.0%.
Proposed attenuation correction and computed tomography based attenuation correction average myocardial perfusion count was significantly
higher than that in non-AC in the mid-inferior, mid-ateral, basakinferior, and lateral regions (p<0.001).

Conclusion: The proposed attenuation maps showed good agreement with the CT-based attenuation map. Therefore, it is feasible to enable AC
for a dedicated cardiac SPECT or SPECT standalone scanners.

Keywords: Attenuation correction, cardiac, SPECT/CT, XCAT, emission data

0z
Amag: Transmisyon taramasi benzeri bilgisayarll tomografi (BT) kullanan atentasyon duizeltmesi (AC), kardiyak tek foton emisyonlu
bilgisayarli tomografi (SPECT) goruntilerinin dogrulugunu artirmada standart yontemdir. Son zamanlarda gelistirilen 6zel kardiyak SPECT BT'yi
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desteklememektedir ve bu nedenle, bu sistemlerdeki taramalar atentiasyon artefaktlarina karsi savunmasizdir. Bu calismada, kardiyak SPECT
gorlntileri ile birlikte rijit olmayan kayit genisletilmis kardiyak-govde (XCAT)-dijital fantomun segmentasyonu yoluyla dogrudan emisyon verilerinden
bir atentiasyon haritasi olusturmak icin yeni bir yontem sunulmaktadir.

Yontem: Kendi gelistirdigimiz rijit olmayan kayit algoritmasi, organlarin dis hatlarini hassas sekilde bolimlere ayirmak icin XCAT-fantomunu
kardiyak SPECT gorlntislyle otomatik olarak hizalar. Atentasyon haritalari olusturmak icin verilen foton enerijileri icin dnceden tanimlanmis
atenliasyon katsayilar atanmistir. Otuz sekiz hastanin kardiyak SPECT/CT verilerinin dahil edildigi dogrulama icin CT tabanli atentiasyon haritalari
kullanildi. Bu veritabanlarindan alinan 17 segmentli bir modelin segmental miyokardiyal sayimlari, eslestiriimis 6rneklem t-testi ile karsilastirildi.
Bulgular: Onerilen ateniiasyon haritalari ile CT ateniiasyon haritalari arasindaki kadin stres fazinin ortalama kare hatasi ve benzerlik indeksi 6lgtist
yapisal benzerlik indeksi dlciminlin ortalama ve standart sapmasi sirasiyla %6,99+1,23 ve %92+2,0 iken, erkek stres fazinin degerleri %6,87+3,8
ve %96z1,0 idi. Mid-inferior, mid-lateral, bazal-inferior ve lateral bolgelerde ProAC ve CTAC ortalama miyokardiyal perflizyon sayisi non-AC'ye gdre
anlamli olarak yiksekti (p<0,001).

Sonug: Onerilen atentiasyon haritalar BT tabanli atentiasyon haritasiyla iyi bir uyum gésterdi. Béylelikle, kardiyak calismalar 6zel SPECT veya sadece

Tadesse et al. Attenuation Correction for Cardiac SPECT

SPECT tarayicilari icin AC'yi etkinlestirmek mimkin olmustur.

Anahtar kelimeler: Atentasyon dizeltmesi, kardiyak, SPECT/BT, XCAT, emisyon verileri

Introduction

Single-photon emission computed tomography (SPECT) is a
non-invasive molecular imaging technique that can deliver
the radio-tracer distribution images in the patient body by
detecting gamma-ray photons (1). Photon attenuation is
the most physical factor artifact that contributes to the
guantitative and qualitative inaccuracy in cardiac SPECT and
can lead to misinterpretation of images by the physicians
(2). Thus, attenuation correction (AC) is important for
reducing uncertainty in cardiac diagnosis.

van Dijk et al. (3) reported that after the implementation
of cardiac AC, images interpreted as “normal” increased
from 45 to 72% and the total images that are unequivocal
went from 57 to 80%. Moreover, accurate cardiac AC can
enhance in “true-positive” and significantly decrease in
“false positive” results as confirmed by invasive coronary
angiography, hence increase the diagnostic positive
predictive value (4).

Non-uniform AC is obtained by measuring the attenuation
distribution map in the patient’s body, which can then
be used along with iterative reconstruction algorithms
to accurately compensate for the variable attenuation in
the chest. Therefore, to ascertain the accurate correction,
which in turn modifies the intensity of the cardiac image,
it is essential to create a patient-specific attenuation map
(5,6,7,8,9).

There are two methods for generating non-homogeneous
attenuation map for AC of SPECT data: transmission-less
method and transmission-based scanning using an external
radionuclide or X-ray computed tomography (CT). The
use of hybrid SPECT/CT systems and for generating non-
homogeneous attenuation map is the most conventionally
effective method. However, these systems are significantly
more expensive than SPECT-only systems and need
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larger imaging housings and further room lead shielding.
Additionally, it increases the radiation exposure dose
to the patients and misregistreation between emission
and transmission data can occur due to patient motion.
According to the study (10) conducted with the myocardial
perfusion SPECT/CT for 509 patients, the mean volume
computed tomography dose index (CTDI ) received from
attenuation CT was 1.34+0.19 mGy. Moreover, most of the
systems used for cardiac imaging are either dedicated to
cardiac scans that do not support transmission scanning or
SPECT standalone due to the high cost of SPECT/CT (11).
Around 80% of SPECT market share is stand-alone SPECT
systems (12,13) and AC for these systems has paramount
importance.

Currently, dedicated cardiac scanners have been developed
by different vendor including a dedicated cardiac SPECT
(called ProSPECT) with two detectors fixed 90° developed
in our lab (Parto Negar Persia Co., Tehran, Iran) (14,15).
The ProSPECT system is introduced as an optimized and
low-cost design in nuclear cardiology. The gantry and table
of the system are designed to comfortably accommodate
patients and to provide dual patients positioning (supine
and prone). We expect the major benefit of this research
is to increase the diagnostic accuracy for such systems and
the ~80% SPECT-only scanners to provide a healthy center
community with the benefit of convenient and improved
image quality.

Generally, there are three techniques for generating
attenuation maps from SPECT emission data only. The
first technigue includes the segmentation of either the
photopeak or the scatter data to generate the attenuation
map (9,16,17,18,19). A coarse attenuation map can
be obtained by segmenting different regions in SPECT
images and assigning pre-defined attenuation coefficients.
However, these methods are faced difficulty in defining
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body outline and organs contour accurately from SPECT
emission data. The second technique for generating an
attenuation map is model-based methods that estimate
the attenuation coefficients directly from the emission data
(20,21,22,23,24). However, these models use simultaneous
estimating SPECT emission and attenuation parameters;
there were crosstalk between emission and attenuation
parameters, and thus are inaccurate enough. These
methods also suffer from high computation time and were
applied only in a slice-by-slice manner. The third and recent
technique is deep learning-based approaches that have
been proposed to estimate images of one modality from
those of another (1). CT attenuation maps were generated
from SPECT data alone. This method though, it is more
effective than the previous two technique; however, It
requires a very large amount of data from another model
to perform better than other techniques. It is extremely
expensive to train due to complex data models, requiring
expensive GPUs and hundreds of machines. This increases
the cost to the users.

In this paper, we demonstrated that non-uniform
attenuation map was generated from semi-automatic non-
rigid registration of an emission reconstructed image with
an extended cardiac-torso (XCAT) digital phantom (25)
using an in-house developed algorithm and segmenting
tissues to assign the respective linear attenuation
coefficient to accurately correct the attenuation of the
photons passing through the patient body. The use of a
proposed map (ProMap) for the AC of the clinical data was
evaluated, and the results were compared with CT-based
attenuation map (CTMap). This study presented a new
method for generating an attenuation map for cardiac AC
directly from emission data by segmentation of precisely
non-rigid registration XCAT-digital phantom with cardiac
SPECT image.

Materials and Methods

This study included the following steps: a) generating the
proposed attenuation map, b) developing a maximum-
likelihood expectation-maximization (MLEM) algorithm
for image reconstruction using MATLAB script (MATLAB
2019a version) and implementation of AC based on the
proposed attenuation map, and c) clinical validation of the
proposed method.

Ethics Committee Approval

The Tehran University of Medical Sciences Tehran, Iran,
Vice-chancellor in research affairs approved the study
protocol (approval ID: IR.TUMS.VCR.REC.1397.6355, date:
27.11.2018). All patients gave their informed consent
before inclusion in the study.
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Development of an Algorithm for Generating an
Attenuation Map

The proposed attenuation map was synthesized by the
segmentation of non-rigid registering of the simulated 3D
XCAT digital phantom with the cardiac SPECT reconstructed
image. The XCAT software includes a pair of highly detailed
male and female anatomies defined using non-uniform
rational B-sline and segmentation of the visible male and
female anatomical patient datasets (25,26,27). XCAT non-
rigid registration with emission image-based AC methods
consist of differentiating the regions with different
attenuation properties, assigning the pre-defined linear
attenuation coefficients to them, and using the resultant
attenuation map to correct the SPECT emission data during
reconstruction.

The XCAT phantom is gained widespread importance in
the low-resolution nuclear medicine imaging research and
lacks the anatomical detail required for use in higher-
resolution imaging modalities such as X-ray CT. Moreover,
it has paramount importance for improving imaging
instrumentation, data acquisition, techniques, image
reconstruction, and processing methods, which in turn
lead to enhance image quality and more accurate clinical
diagnosis (28).

The in-house non-rigid registration algorithm developed
in the MATLAB environment was used to perform
automatically non-rigid registration of the simulated XCAT
phantom of the thorax region with the SPECT image.
Generally, the process of non-rigid registration involved in
this study was finding the optimal geometric transformation
that maximizes the correspondences across the simulated
XCAT digital phantom and the SPECT reconstructed image.

The proposed attenuation map generated from non-rigid
registration of emission image and simulated images were
compared with the X-ray CT-based attenuation map by
calculating similarity matrices such as root mean square,
root mean square error (MSE), mean absolute error and
similarity index measure (SSIM).

Generally, the procedure of generating the attenuation
map involves the following: first, XCAT simulation for
both male and females was performed. Second, matching
the body outline was performed for the emission-
reconstructed image and simulated XCAT phantom by non-
rigid registration of slice by slice for the transversal view,
and magnification parameters were used to fit the XCAT
size with different sizes patients. Third, after the XCAT
images were registered with the preliminary SPECT images,
the thoracic region was segmented into soft tissue, lung,
and bone. Fourth, according to the report by Okuda et al.
(29), attenuation coefficients of 0.280/cm, 0.150/cm, and
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0.053/cm were applied for segmented bone, soft tissue,
and lung regions, respectively, for the gamma energy of
140 keV.

Development of the MLEM Algorithm

AC gets wide acceptance in routine clinics due to new
reconstruction algorithms mentioned together as iterative
algorithms (5,30,31,32). Iterative reconstruction algorithms
offer a wide-ranging mathematical framework that allows
the modeling of physical processes such as attenuation,
scatter, and noise characteristics from the emission and
detection processes (33). We adopted the ray-driven
projector-backprojector technigue, which integrates AC as
described by Gullberg et al. (34).

System Matrix and Implementation of Attenuation
Correction

The ultimate solution to the non-homogeneous attenuation
problem in cardiac SPECT imaging could be solved using
an iterative algorithm with a projector-backprojector
that models the attenuation of photons along with
projection and backprojection rays and that calculates
attenuation factors for each pixel along each ray from
the predetermined attenuation distribution (8,34). The
system matrix or projection operator A has a vital role in
the quality of the reconstructed images. Each element A
(ij) gives the contribution of photons emitted from the
J'th image voxel in i"'th measurement, which is detected
by a specified detector’s pixel in a certain position. There
are several methods to approximate these contributions
and even itis possible to use an unmatched projector-
backprojector operator pair. Here, we assumed a matched
projector and back-projectior operator and determined
the contributions by calculating the intersection volume
of each ray with each pixel. Considering the parallel hole
collimator geometry, each intersection was calculated by
finding the intersected area of each ray and pixels, then
multiplying it by the slice thickness. The intersection point
of each ray’s side with each pixel is found and the area of
the intersected polygon was calculated. Considering the
relatively low resolution of nuclear medicine imaging and
a small number of measurements, and the scarcity of the
system matrix, we could calculate the system matrix once
and store it on memory. Meanwhile the intersection area
being calculated, the centroid of each polygon is found,
and the distance between the centroid and the ray's
detector was also calculated. For each ray, after finding
the distance of all contributing pixels, the pixels indices
were sorted regarding their distance to the detector and
then cumulative attenuation between the detector and
each pixel was found. Then, the exponential correction
is applied to the intersected volume and the final system
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matrix was obtained. Based on this concept, the system
matrix of SPECT was calculated using a MATLAB code. For
the image reconstruction, A is a matrix of M x N, where
N is the number of pixels, n? and M = NpD being the total
number of projections of all detector elements, D, of the
detector array in all projection directions, Np. It is in this
system that one includes the physics of imaging.

Clinical Validation

Study Protocol

To validate the proposed AC method, 38 subjects
underwent 2-d Tc-99m-sestamibi stress-rest imaging
protocol both normal and abnormal (17 males and 21
females, mean age 5548 years, range 30-70) who were
referred to our center for MPI for assessing coronary artery
disease (CAD) were included. The mean body mass index
was 26.2+3.7 kg/m? (range, 19.1-31.0 kg/m?). Twenty
participants (52.6%) underwent exercise, and 18 (47.4%)
underwent pharmacological stress and rest studies. All
patients underwent a standard MPI SPECT/CT scanner
(Siemens Medical Solutions, Erlangen, Germany). In the
pharmacological stress testing, stress was induced by the
infusion of either dipyridamole at a rate of 140 pg’'.min’
" for 4 min or of dobutamine with escalating 5 ug'.kg".
min” doses up to 40 pg'.kg'.min'. A standard dose of
750-900 MBqg of Tc-99m sestamibi was injected 4 min
after dipyridamole injection or at peak heart rate during
dobutamine pharmacological stress and rest tests. Emission
data were acquired by the use of parallel-hole, low-energy,
high-resolution collimator, with the patient in the supine
position. The acquisition orbits were circular over 180° arc
(45° right anterior oblique to 45° left posterior oblique)
with 32 steps (64 views), and emission data were acquired
for 20 s per projection. The image acquisition matrix
was, 64x64 and the pixel size was 6.4 mm. Images were
acquired on the 140 keV photopeak with a 15% (129-
151 keV) symmetrical window. Immediately after the
acquisition of SPECT images for both stress and rest, CT
imaging was performed for generating attenuation maps.
CT scanning was performed using 140 kVp and 70 mAs in
a 512x512 matrix (1.105 mm per pixel), with 5 mm slice
thickness. The total acquisition time for the transmission
study was 30 s.

The linear attenuation coefficient measured with CT is
calculated at the X-ray energy. Rather than at the energy of
the photon emitted by the radiopharmaceutical acquired
during the radionuclide imaging study. It is therefore
necessary to convert the linear attenuation coefficients
obtained from the CT scan to match the energy of the
radionuclide used in SPECT acquisitions. This is typically
accomplished using the bilinear scaling method, relating
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the p value at the desired energy to the CT number
measured at the effective energy of CT X-rays (35). The
bilinear scaling method determines u values via bilinear
calibration lines, which are delimited at a CT number of
zero Hounsfield units (HU) and are most commonly used in
SPECT/CT scanners. This is performed using the system as
designed by the manufacture (Siemens HealthCare).

For the administered activity of 750-900 MBq for SPECT
and 0.9 mGy CTDI . For CT, the mean effective doses for
the patients considered in this study were 9 mSv for SPECT/
CT, from this around 8 mSv for SPECT only. The effective
dose for CT can be calculated using dose length product
(DLP). It is the CTDI  multiplied by the length of the scan.
The units are mGy centimeters (mGy c¢m). The DLP can be
used to calculate a rough estimate of the effective dose,
and the effective dose for SPECT can be estimated using
the activity-injected dose.

Patient Studies-reconstruction

Patients’ data were reconstructed using an in-house
developed MLEM (15 iterations) with and without AC and
imported to Cardiac SPECT image reconstruction software
(QPS/QGS, Cedars-Sinai Medical Center, Los Angeles, CA,
USA) for quantitative analysis and to display standard
short-axis, vertical, and horizontal long-axis views and
polar maps. Scatter correction was performed on emission
projection data obtained from the 15% lower scatter
window. Two separate energy windows for the acquisition
of the photopeak and the lower scatter according to the
standard clinical protocol for Tc-99m (140 keV) were used
for the scatter correction. The window widths were both
setto 15% as recommended by the manufacturer (Siemens
Healthcare), resulting in 108-129 keV for the lower scatter
window and 129-151 keV for the photopeak window
(36). Reconstructed stress and rest images were smoothed
using a 3-dimentional Butterworth low-pass filter with a
cutoff frequency 0.4 Hz with an order of 8.0. For AC, two
different density maps were used: an attenuation map
generated from the transmission study (CTMap) where the
u values were calculated from the CT numbers obtained
(HU) and the ProMap generated from the emission data.

For the validation of the AC with ProMap, a QPS software
algorithm was used to generate perfusion polar maps of
17 segments. Moreover, total counts of each segment
attenuation corrected using ProMap and CTMap, were
compared by paired t-test. Proposed attenuation correction
(ProAC), computed tomography based attenuation
correction (CTAC), and non-attenuation correction (NAC)
databases were calculated on the basis of the QPS software
for both genders.
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Quantitative Evaluation
Percent of Variability and Relative Error

To quantitatively assess the homogeneity of radiotracer
distribution in patient's image and the improvement
inhomogeneity with AC, circumferential count profiles
were generated from the apical, midventricular, and basal
slices of NAC, ProAC, and CTAC. Image uniformity was
assessed by the percentage variability (PV) of the count
profiles defined by the following (11):

___SD
PV Mean x 100 (1)

where standard deviation (SD) and mean denote the values
of the count profiles for each slice. For all slices, the mean
percent variability can be calculated as follows:

52 D), 1o

MeanPV = l )
=l Mean(i)

3

(2)
where SD (/) and mean (/) denote the values of the count
profiles for slice i (1, apical; 2, midventricle; and 3, basal).
We also used percentage of relative error (RE%) in the 17
segmented regions of the perfusion polar map between
our proposed AC and the reference CTAC images:
ProAC—CTAC><
CTAC

RE% = 100

3)
The results of the comparative analysis are shown using box
plots. In these plots, the box shows the median (horizontal
line), with the lower (Q1) and upper quartiles (Q3) define

the 25" and 75" percentiles, respectively.

Moreover, the proposed attenuation maps were then
compared with the CT-based attenuation maps in terms of
Voxelwise MSE and SSIM.

vl 2

MSE = Ll Z(Pr oMap(v)— CTMap(v))
VX

v=1

(4)

SS[M — (2AveProMapAveCTMap + cl xzsProMap,CTMap + CZ)
2 2
(AveProMap + AveCTMap + cl lalz’roMap + 5(ZfTMap + Cz) (5)

Where vx/ stands for voxel, ProMap is the proposed
attenuation map, and CTMap is CT-based attenuation map.
In Equation (6), AVE, o and AVe 10 stand for the mean
value of the proposed attenuation map and CT-based
attenuation map, respectively. 62P70Map and 62CTMap denote
the variances of ProMap and CTMap, respectively, and

broMap T the covariance of ProMap and CTMap images,
respectively. The constants (C1: 0.01 and C2: 0.02) were

set to avoid division by insignificant values.

Statistical Analysis

The proposed attenuation maps were further applied
for AC on the cardiac SPECT images, and the AC-SPECT
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using the ProMap were evaluated against the AC-SPECT
images corrected with CTMap using RE%, MSE, and SSIM
and statistical analysis of 17 segmental average values of
myocardial counts. All continuous values were expressed
as mean + SD. The paired t-test was applied to determine
statistically significant differences in the quantitative values;
p values <0.05 were considered significant. GraphPad
InStat version 3.06 for Windows (GraphPad Software,
San Diego, CA, USA) and SPSS software (23.0; SPSS Inc.)
was used for statistical analysis. Segmental values of the
databases were expressed as the average and SD, which
were calculated by QPS software.

Results
Patient Studies-reconstructed Images

Table 1 shows the mean, and SD of the MSE, and SSIM
between the proposed attenuation maps and the CT
attenuation maps. Among the generated attenuation maps,
the lowest mean error metrics were resulted in the males’
attenuation map, which are MSE: 0.06+1.11. The highest
error metrics of males (MSE: 0.08 and 0.21 for rest and
stress respectively). The highest error metrics of females
(MSE: 0.11 and 0.10 for rest and stress respectively). The
mean of SSIM for females were 0.92+0.02 for stress and
0.93+0.01 for rest, respectively, and for males 0.96+0.01
for stress and 0.97+0.02 for rest, respectively.

Clinical myocardial perfusion image (MPI) SPECT/CT
data were used as a means of validating the proposed
attenuation map approach compared with direct AC using
a CT attenuation map. The qualitative analysis of the
comparison between two attenuation maps was checked
and approved by a well-experienced nuclear medicine
physician.

Table 2 shows that the intraclass correlation coefficient for
guantitative tracer uptake of images reconstructed using
the synthesized attenuation map and CT-based attenuation
map for attenuation-corrected images; the correlation
coefficients for males were 0.93 [95% confidence interval
(Cl), 0.91-0.95] for stress images and 0.95 (95% Cl, 0.93-
0.96) for rest images and for females were 0.87 (95% Cl,

0.84-0.89) for stress images and 0.92 (95% Cl, 0.91-0.94)
for rest images.

Although the clinical assessment of the method was not
within the scope of our study in this phase, the impact of
AC on clinical images was observed in some cases. Two
sample studies male and female of reconstructed images
from a SPECT myocardial perfusion study with and without
AC using CTMap and ProMap are shown in Figure 1. The
two patients were 73 and 62-year-old man and woman,
respectively, were presenting with chest pain. The figure
display depicts that without AC, low uptake in the in
the inferior, inferoseptal, and inferolateral walls can be
observed (yellow arrows), while this region becomes more
homogeneous with AC using either CTMap or ProMap.
Moreover, the result was interpreted as negative for
appreciable stress-induced ischemia.

The CT-based attenuation maps, and proposed attenuation
maps in the axial, coronal, and sagittal views at the upper
left, MPI SPECT reconstructed images corrected using CT-
based attenuation maps, proposed method and without AC
in short axis, horizontal long axis and vertical long axis views
and the polar map comparisons are shown in Figure 1.

The proposed method could generate consistent
attenuation maps with the standard CT-based attenuation
maps. The upper right images in Figure 1 for each subject
show that the myocardial perfusion SPECT reconstructed
images corrected using the CT-based attenuation map
and the proposed attenuation map have good consistent,
whereas obvious attenuation artifacts can be observed
in the non-attenuation-corrected images, as pointed by

Table 2. Percentage segmental tracer uptake: correlation
between proposed AC method and CT based AC method

AC

Male Female
Phase R 95% ClI r 95% ClI
Stress 0.93 0.91-0.95 | 0.87 0.84-0.89
Rest 0.95 0.93-0.96 | 0.92 0.91-0.94

r: Correlation coefficient, Cl: Confidence interval, AC: Attenuation correction

proposed attenuation corrected image

Table 1. The mean and SD of the mean square error one, and structural similarity index measure one between proposed
attenuation maps and the CT attenuation maps and MSE2 and SSIM2 between non-attenuation corrected image and

MSE1 MSE2 SSIM1 SSIM2
Metric | Female Male Female Male Female Male Female Male

Stress | Rest | Stress |Rest |Stress |Rest |Stress |Rest |Stress |Rest |Stress |Rest |Stress |Rest |Stress |Rest
Mean |0.07 |0.07 |0.07 |0.06 |0.23 0.21 |0.20 0.19 (092 |093 |09 |0.97 [0.69 0.75 |0.77 0.79
SD 0.002 |0.007 |0.004 |0.001 |0.012 |0.03 |0.01 0.02 [0.020 |0.010 [0.010 |0.020 |0.10 |0.09 |0.08 0.05

SD: Standard deviation, MSE: Mean square error one, SSIM: Similarity index measure, CT: Computed tomography
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the yellow arrows. The 17-segment polar maps for each
subject in Figure 1 (generated by Cedars-Sinai software
package) of the SPECT images corrected by both CT-based
and proposed attenuation maps are nearly consistent. In
contrast, the polar maps without AC clearly show different
patterns.

The new proposed method was also tested with the patients
having fixed defects. Figure 2 shows that the proposed
attenuation map works well not only with normal perfusion
patients but also with patients having fixed defects. As
shown in Figure 2 our result reveal that the proposed new

CTAC_polar map

Figure 1. a) A 73-year-old male normal patient. b) A 62-year-old female,
both have reversible cardiac perfusion defect in the right coronary arteries
NAC: Non-attenuation correction, CTAC: Computed tomography based
attenuation correction, ProAC: Proposed attenuation correction, SA:
Short axis, HLA: Horizontal long axis, VLA: Vertical long axis

CTAC ProAC

Figure 2. Polar plot presentation of nuclear myocardial perfusion
images from a male with fixed left circumflex artery perfusion defect
with attenuation (CTAC and ProAC) and without attenuation (NAC) on
standard SPECT/CT camera

NAC: Non-attenuation correction, CTAC: Computed tomography
based attenuation correction, ProAC: Proposed attenuation correction,
SPECT/CT: Single-photon emission computed tomography/computed
tomography
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method for cardiac AC is even better than the CT-based
AC. This might be because of the potential misregistration
of SPECT and CT data because of they are obtained
sequentially. Possible risk factors for misregistation include
improper patient positioning, respiratory motion, patient
motion, or mechanical misalignment of SPECT/CT device.
To reduce this problem, before generating the results, the
authors cross checked and corrected manually. Moreover,
after applying ProMAP and CTMap for AC our finding
showed that quantitatively better regional radiotracer
distribution in the inferior, septal, and anterior walls with
the new method than the CTMap-based method.

Polar plot presentation of nuclear MPIs from a male
with a fixed left circumflex artery perfusion defect with
attenuation (ProAC and CTAC) and NAC on a standard
SPECT/CT camera.

Homogeneity of Cardiac Images with and Without AC

Figure 3 shows the mean PV of circumferential count profiles
from short-axis patients images acquired with NAC, ProAC,
and CTAC. With ProAC and CTAC the percent variability
of circumferential count profiles was significantly reduced
in both genders, indicating greater image homogeneity.
The mean + SD values for females were (8.0+0.96% and
7.6£0.8072%) for CTAC, (7.9940.07% and 7.90+1.25%)
for ProAC and (10.67+1.02% and 10.07+1.60%) for NAC,
respectively, for stress and rest. The measures for males
were CTAC (6.8+1.17%, 7.140.63%), ProAC (7.6+0.98%,
7.2£0.79%) and, (10.16+£0.69%, 9.24+0.9%) respectively
for stress and rest. There were statistically significant
differences between ProAC and NAC values for females-

[ Female at Stress
Il Female at Rest
[ Male at Stress
[ Male at Rest

129

NAC ProAC CTAC

Figure 3. Circumferential percent variability, as a measure for image
homogeneity, in basal, mid and apical regions. Percent variability
improved significantly with the application of cardiac SPECT images with
ProAC and CTAC compared with NAC

NAC: Non-attenuation correction, CTAC: Computed tomography based
attenuation correction, ProAC: Proposed attenuation correction, SPECT:
Single-photon emission computed tomography



Mol Imaging Radionucl Ther 2023;32:42-53

Tadesse et al. Attenuation Correction for Cardiac SPECT

stress and males-stress (p=0.034 and p=0.036), respectively,
and there were statistically significant differences between
CTAC and NAC for females-stress and males-stress (p=0.010
and p=0.035), respectively. Only for male stress that a
significant difference between CTAC and ProAC (p=0.035)
was observed.

Further quantitative analysis of the cardiac region was
conducted by examining the percentage of RE% in
the segmental region. Figure 4 shows box plots for the
percentage of RE% of each segmental region between the
ProAC and CTAC images for the cardiac regions across both
genders. The graph shows that there was no significant
median difference between the proposed AC and the
standard transmission-based AC except in apical-anterior
region in females in the rest phase (p<0.0001). 82% of
male and 76% of female patients had studies where there
was a segmental difference between ProAC and CTAC of
less than +5.

Statistical Differences in Database Analysis
In Table 3, clinical SPECT/CT data were used as a means
of validating the ProMap approach compared with direct

AC using CTMap and calculated segmental average and
SD values in 17-segment models for stress, and rest are

shown. Figure 5 shows perfusion polar maps reconstructed
images with and without AC using CTMap and ProMap.
After applying AC as revealed on the polar maps, uniform
count distribution was observed when the inferior and
anterolateral counts were compared

a)

Pl

10

Rel

IR
SRS
G E

3

Figure 4. Box and whisker plots along with relative error percentage
between images processed with ProAC and CTAC which were calculated
for 17 segments of myocardial regions: a) female-stress, b) female-rest,
¢) male-stress, d) male-rest respectively

ProAC: Proposed attenuation correction, CTAC: Computed tomography
based attenuation correction

Table 3. Segmental average and standard deviation values in the polar maps with non-attenuation correction, proposed
attenuation correction and CT-based attenuation correction

NAC ProAC CTAC

Stress Rest Stress Rest Stress Rest

Female | Male Female | Male Female | Male Female | Male Female | Male Female | Male
Apex 82+7.60 | 80+£7.10 | 81+8.40 | 79+7.10 | 81£7.55 | 79+6.2 | 78+7.72 | 83+6.30 | 82+6.40 | 79 +6.64 | 78+7.34 | 81+5.70
Apical-A | 77+£7.44 | 74+7.28 | 77+8.40 | 72+7.90 | 79+7.81 | 82+7.90 | 84+5.44 | 83+4.59 | 77+6.14 | 83+4.31 | 77+5.36 | 82+4.80
Apical-S | 84+7.84 | 77£9.40 | 78+6.52 | 76+10.00 | 86+6.41 | 88+5.70 | 84+5.70 | 88+7.74 | 86+6.34 | 85+5.61 | 83+6.01 | 86+5.62
Apical-l | 80+7.30 | 74+8.40 | 83+8.24 | 78+8.30 | 86+6.92 | 84+6.14 | 80+6.41 | 84+7.91 | 84+6.60 | 85+5.60 | 80+6.74 | 82+7.42
Apical-L | 76+9.10 | 77£9.70 | 78+6.80 | 78+6.11 | 82+5.84 | 87+6.92 | 82+4.82 | 86+6.21 | 84+5.90 | 88+5.11 | 83+4.26 | 85+5.80
Mid-AL | 78+6.63 | 77+7.08 | 81+6.80 | 74+9.10 | 85+5.70 | 88+5.00 | 87+5.33 | 87+7.30 | 86+5.41 | 89+4.50 | 88+6.30 | 88+7.30
Mid-IL 78+8.90 | 76+£8.20 | 79+6.80 | 79+8.01 | 84+5.04 | 82+6.30 | 88+4.27 | 88+7.20 | 87+4.50 | 85+7.20 | 89+5.44 | 88+5.41
Mid-I 80£10.1 | 71+6.81 85+£8.11 | 73+6.30 | 82+8.20 | 82+5.60 | 84+8.50 | 84+5.60 | 88+7.10 | 84+6.20 | 84+8.83 | 84+6.40
Mid-IS 80+7.20 | 71£8.30 | 78+4.12 | 72+6.20 | 85+7.20 | 80+5.80 | 85+6.50 | 81£5.00 | 84+5.40 | 79+6.33 | 85+6.90 | 81+5.44
Mid-AS | 75+£6.04 | 75+6.70 | 76+3.20 | 73+5.30 | 81+6.58 | 82+6.12 | 81+8.31 | 80+4.50 | 81+6.31 | 83+6.00 | 80+7.53 | 80+5.80
Mid-A 77+£8.10 | 73+6.60 | 77+6.90 | 77+4.43 | 78+7.83 | 86+3.05 | 73+7.74 | 85+6.67 | 78+7.33 | 86+3.64 | 76+7.80 | 85+6.09
Basal-A | 68+8.62 | 70+6.23 | 68+7.73 | 70+8.50 | 78+4.40 | 79+6.02 | 72+5.60 | 79+7.39 | 77+7.50 | 79+5.91 | 72+6.92 | 79+8.20
Basal-AL | 72+8.02 | 68+9.91 71+6.24 | 69+9.50 | 74£6.91 | 80+5.41 | 78+6.61 | 78+5.30 | 77+8.01 | 89+6.03 | 78+8.20 | 79+6.02
BasalL | 72+7.50 | 67+£10.10 | 724+6.29 | 68+9.33 | 74+5.10 | 74+6.54 | 79+£6.43 | 75£5.90 | 75+£7.13 | 76+5.81 | 78+4.70 | 76+6.00
Basal-l 70+£7.40 | 62+£5.73 | 68+7.73 | 64+5.90 | 76+£4.80 | 67+7.50 | 77+6.81 | 73+6.50 | 78+6.80 | 72+6.03 | 78+6.84 | 72+6.20
BasalIS | 68+7.91 | 62+6.40 | 67+£8.04 | 65+6.90 | 72+6.16 | 64+6.60 | 72+6.61 | 65+5.91 | 75+6.83 | 67+7.10 | 73+4.70 | 68+5.60
Basal-AS | 62+7.12 | 64+8.20 | 65+7.30 | 64+7.70 | 65+6.70 | 66+7.00 | 62+8.44 | 66+5.80 | 66+7.50 | 65+6.70 | 66+5.01 | 66+5.41
A: Anterior, S: Septal, L: Lateral, AL: Anterolateral, IL: Inferolateral, IS: Inferoseptal, AS: Anteroseptal, I: linferior, NAC: Non-attenuation correction, ProAC: Proposed attenuation
correction, CTAC: Computed tomography based attenuation correction, CT: Computed tomography
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Female Male

Figure 5. Comparison of the polar maps for NAC, ProAC and CTAC
in female and male. The differences in the lateral and inferior counts
between AC and NAC are shown

NAC: Non-attenuation correction, CTAC: Computed tomography based
attenuation correction, ProAC: Proposed attenuation correction, AC:
Attenuation correction

Paired t-test results for the comparison of ProAC and CTAC
are shown in Table 4. As it was revealed, in the most cardiac
regions, there is no significant difference between the two
methods, which indicates that our proposed method is
consistent with the standard method (CT based cardiac
AC).

A paired sample t-test demonstrated that counts in the
apical-lateral, mid-infrolateral, ~mid-anterolateral, mid-
inferoseptal, basal-inferior, and basal-anterolateral were
significantly higher than NAC in both genders and in both
AC methods (Table 5). With AC using CTMap and ProMap,
there were counted decreases in the apex for both genders
but only CTAC female rest was statistically significant
(p=<0.0001).

Regarding the gender difference analysis, for the stress
condition basal-inferior and infroseptal showed significant
differences in all ProAC (p=0.001 and p=0.001), CTAC
(p=<0.0001 and p=0.015), and NAC (p=0.006 and
p=0.006) respectively. Moreover, mid-anterior during the
rest condition showed a significant difference between
male and females in ProAC (p<0.0001) and in CTAC
(p=0.001 and p=0.001) during stress and rest conditions,
respectively. This might be caused by the anatomical
difference between females and males.

Discussion

In this study, we proposed an effective method for
generating an attenuation map directly from emission data
using the segmentation of non-rigid registration of XCAT
digital anatomical phantom with the emission image and
assigning the tissue-based density map. Validation on real
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patient studies revealed that the proposed method can
generate attenuation maps nearly consistent with CT-
based attenuation maps and were able to provide accurate
AC for myocardial perfusion SPECT images. Also, in most
of the regions, no significant segmental average values
of myocardial count differences were observed between
ProMap and CTMap (Table 4). This finding could be
important for the studies acquired with dedicated cardiac
SPECT or SPECT standalone scanners by providing AC
without transmission data.

In Figure 5, it can be seen that our proposed AC achieved
moreover similar results compared to the currently
used standard approach. The proposed method reduced
attenuation artifacts and changed the calculated segmental
average values of myocardial counts compared with NAC
databases. When AC is implemented optimally, the spread
of radionuclide for the lateral, inferior and anterior and lastly
septum received higher to lower perfusion. The attenuation-

Table 4. p values for comparison of proposed AC (ProAC)
versus CT-based AC (CTAC)

P values for comparison of ProAC and

CTAC

Stress Rest

Female | Male Female | Male
Apex ns ns ns ns
Apical-A ns <0.0001 | ns ns
Apical-S ns ns ns ns
Apicak ns ns ns ns
Apical-L ns ns ns ns
Mid-AL ns ns ns ns
Mid-IL ns ns ns ns
Mid-| ns ns ns ns
Mid-IS ns ns 0.008 ns
Mid-AS ns ns ns ns
Mid-A ns 0.001 ns ns
Basal-A ns ns ns ns
Basal-AL ns ns ns ns
Basal-IL ns ns ns 0.014
Basall ns ns ns ns
BasalHS 0.016 ns ns ns
Basal-AS ns ns ns ns
A: Anterior, S: Septal, L: Lateral, AL: Anterolateral, IL: Inferolateral, IS: Inferoseptal,
AS: Anteroseptal, I: linferior, NAC: Non-attenuation correction, ProAC: Proposed
attenuation correction, CTAC: Computed tomography based attenuation correction,
CT: Computed tomography, ns: Not significant, AC: Attenuation correction
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corrected myocardial perfusion counts
using both ProMap and CTMap were
more homogeneous than NAC images
and the anterolateral, inferolateral and
inferior counts were increased. We found
an increase inhomogeneity in females
than men after AC was applied. This is
in agreement with the observations of
Masood et al. (11). Moreover, to apply
the proposed AC for clinical use, there is
a need for creating attenuation-corrected
databases for quantitative analysis.

MPIs most often suffer from attenuation
artifacts in males and females due to
attenuation from the diaphragm and
breast (37,38). Although the clinical
assessment of the proposed method was
not within the scope of our study in this
phase, there is a positive influence of AC
on these attenuation artifacts. Figure 6,
shows stress-only MPI performed with
SPECT/CT in a female patient (body mass
index 31 kg/m?) shows a large clear
perfusion defect in the anterolateral
myocardial wall (arrows) on images
obtained without attenuation correction
(NAC), whereas attenuation-corrected
images (ProAC) show no evidence of a
defect at this site (arrowheads). These
findings indicate a soft-tissue attenuation
artifact that was eliminated with AC.

There were significant differences with
and without AC average count in the
inferior region for males (which is expected
where diaphragm attenuation artifact is
prominent, p=<0.0001 and <0.0001) and
basal-anterolateral for females (where
breast attenuation artifact prominent,
p=0.02 and <0.0001) for stress and rest,
respectively. This result is promising in
terms of improving attenuation artifacts in
the inferior segment in males and anterior
segments in females because it provides
a homogeneous count distribution in
both genders. In a CT-based AC study
by Grossman et al. (39), AC polar maps
increased global uniformity of the count
distribution.

As expected, there were significant count
distribution differences between ProAC
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NAC ProAC

Figure 6. Images obtained without attenuation correction (NAC)
and with attenuation-correction (ProAC) and the effect of soft tissue
attenuation artifact for large density breast was eliminated with the
proposed attenuation correction
NAC: Non-attenuation correction,
correction

and NAC and between CTAC and NAC with stress and rest
conditions for both genders. In most of the regions, both
AC methods showed that gender differences were not
statistically significant, which is consistent with the finding
of Grossman et al. (39). However, our technique created a
slightly higher bias on female subjects than male subjects,
which is agreement with the finding of Shi et al. (1). This
might be caused by the anatomical difference between
females and males.

ProAC: Proposed attenuation

In our study, the quantitative analysis performed using
MSE, and SSIM to assess the consistence of the proposed
attenuation map with CT-based attenuation map (Table 1).
The range of absolute RE in any 17 segmental region did
not exceed 15%. More or less the percentage of RE was
consistent over all regions.

The overall benefit of AC in clinical cardiac SPECT was
beyond the scope of the current study. We expect a limited
benefits in increasing the quality and quantitative analysis
in the diagnosis of CAD. Moreover, avoiding the necessity
of CT data for AC reduces the radiation exposure risk to
the patient. The proposed method of AC is not intended
to replace CT but rather to be viewed as a valid alternative
when CT is not available. Also, there may be suspicious
drawbacks concerning the reduction of accuracies in real
clinical cases due to smearing or over correction, which
should be further addressed in future clinical applications
of the proposed AC method.

Study Limitations

Our study has several limitations: precisely registration
of an XCAT digital phantom with emission image and
assignment of attenuation values to the right region is
not an easy task. Although non-homogeneous density of
body tissue needs to assign continuous attenuation values,
discrete attenuation coefficients are used for segmented
XACT-emission image non-rigid registration-based AC.
Therefore, analyzing the interindividual irregularity of
tissue density and its effect on AC in cardiac SPECT is an
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imperative issue. Moreover, an important limitation of this
study is the interpatient variability of attenuation values,
which can be the main cause of error in cardiac SPECT
emission data. Mainly, based on the risk factors such as
age, disease, and breathing patterns, lung density shows
a high degree of interpatient variability of up to 10% (40).
Image reconstruction and registration method used to
obtain the final attenuation corrected of SPECT emission
images also affect the final result.

Conclusion

The proposed attenuation maps show good agreement with
the CT-based attenuation map. AC is feasible for myocardial
perfusion SPECT images by only emission data as an alternative
to the AC by CT-derived attenuation map. This could direct
benefit studies acquired with dedicated cardiac SPECT or
SPECT standalone scanners. There were significant count
differences between ProAC and NAC, and the homogeneity
of radioactivity distribution was increased with ProAC. Further
studies in patients with CAD should be conducted to evaluate
the clinical efficacy of the proposed AC method.

Ethics

Ethics Committee Approval: The study was approved by
the Vice-Chancellor in Research Affairs-Tehran University of
Medical Sciences (27/11/2018).

Informed Consent: All patients gave their informed
consent before inclusion in the study.

Peer-review: Internally peer-reviewed.
Authorship Contributions

Surgical and Medical Practices: G.ET, PG., M.R.A., Concept:
M.R.A., RG.,, M.A,, Design: GET, EM.T, M.A., AS, Data
Collection or Processing: G.ET, M.M., M.A., A.S., Analysis
or Interpretation: G.ET, RG., M.A., BT, M.R.A., Literature
Search: GET, M.M., PG,, B.T,, Writing: G.ET, PG., M.R.A.

Conflict of Interest: No conflict of interest was declared
by the authors.

Financial Disclosure: The authors want to acknowledge
Tehran University of Medical Sciences (TUMS) for providing
materials support during this project implementation under
grant No. 38086. We would also like to acknowledge all
the patients whose data were used in this study, and all
the healthcare workers who took part in the diagnosis of
included patients. We also acknowledge Parto Negar Persia
(PNP) Co. for providing technical material and Co.

References

1. ShiL, Onofrey JA, Liu H, Liu YH, Liu C. Deep learning-based attenuation
map generation for myocardial perfusion SPECT. Eur J Nucl Med Mol
Imaging 2020;47:2383-2395.

Yamauchi Y, Kanzaki Y, Otsuka K, Hayashi M, Okada M, Nogi S, Morita
H, Komori T, Ishizaka N. Novel attenuation correction of SPECT images



Mol Imaging Radionucl Ther 2023;32:42-53

Tadesse et al. Attenuation Correction for Cardiac SPECT

20.

21.

using scatter photopeak window data for the detection of coronary artery
disease. J Nucl Cardiol 2014;21:109-117.

van Dijk JD, Mouden M, Ottervanger JR van Dalen JA, Knollema S, Slump
CH, Jager PL. Value of attenuation correction in stress-only myocardial
perfusion imaging using CZT-SPECT. J Nucl Cardiol 2017;24:395-401.
Patchett ND, Pawar S, Sverdlov A, Miller EJ. Does improved technology
in SPECT myocardial perfusion imaging reduce downstream costs? An
observational study. Int J Radiol Imaging Technol 2017:3.

King MA, Tsui BM, Pan TS. Attenuation compensation for cardiac single-
photon emission computed tomographic imaging: Part 1. Impact of
attenuation and methods of estimating attenuation maps. J Nucl Cardiol
1995;2:513-524.

King MA, Tsui BM, Pan TS, Glick SJ, Soares EJ. Attenuation compensation
for cardiac single-photon emission computed tomographic imaging: part
2. Attenuation compensation algorithms. J Nucl Cardiol 1996;3:55-64.
Manglos SH, Jaszczak RJ, Floyd CE, Hahn LJ, Greer KL, Coleman RE.
Nonisotropic attenuation in SPECT: phantom tests of quantitative effects
and compensation techniques. J Nucl Med 1987;28:1584-1591.

Tsui BM, Gullberg GT, Edgerton ER, Ballard JG, Perry JR, McCartney WH,
Berg J. Correction of nonuniform attenuation in cardiac SPECT imaging. J
Nucl Med 1989;30:497-507.

Zaidi H, Hasegawa B. Determination of the attenuation map in emission
tomography. J Nucl Med 2003;44:291-315.

Abdollahi H, Shiri I, Salimi Y, Sarebani M, Mehdinia R, Deevband MR,
Mahdavi SR, Sohrabi A, Bitarafan-Rajabi A. Radiation dose in cardiac
SPECT/CT: an estimation of SSDE and effective dose. Eur J Radiol
2016;85:2257-2261.

Masood Y, Liu YH, Depuey G, Taillefer R, Araujo LI, Allen S, Delbeke D,
Anstett F Peretz A, Zito MJ, Tsatkin V., Wackers FJ. Clinical validation of
SPECT attenuation correction using X-ray computed tomography-derived
attenuation maps: multicenter clinical trial with angiographic correlation. J
Nucl Cardiol 2005;12:676-686.

Rahman A, Zhu Y, Clarkson E, Kupinski MA, Frey EC, Jha AK. Fisher
information analysis of listmode SPECT emission data for joint estimation
of activity and attenuation distribution. Inverse Probl 2020;36:084002.
https://www.technavio.com/report/. global-medicalimaging-global-
spectmarket-2017-2021. Accessed 5 Nov 2019.

Fard BT, Sabet KA, Ay M. Introducing a dedicated cardiac SPECT imaging
system: ProSPECT. Frontiers in Biomedical Technologies 2019;6:156-160.
Zeraatkar N, Sajedi S, Fard BT, Kaviani S, Akbarzadeh A, Farahani
MH, Sarkar S, Ay MR. Development and calibration of a new gamma
camera detector using large square Photomultiplier Tubes. J Instrum
2017;12:P09008.

Cade SC, Arridge S, Evans MJ, Hutton BF. Use of measured scatter data for
the attenuation correction of single photon emission tomography without
transmission scanning. Med Phys 2013;40:082506.

NUnez M, Prakash V. Vila R, Mut F Alonso O, Hutton BF Attenuation
correction for lung SPECT: evidence of need and validation of an
attenuation map derived from the emission data. Eur J Nucl Med Mol
Imaging 2009;36:1076-1089.

Pan TS, King MA, De Vries DJ, Ljungberg M. Segmentation of the body
and lungs from Compton scatter and photopeak window data in SPECT: a
Monte-Carlo investigation. IEEE Trans Med Imaging 1996;15:13-24.

Pan TS, King MA, Luo DS, Dahlberg ST, Villegas BJ. Estimation of
attenuation maps from scatter and photopeak window single photon-
emission computed tomographic images of technetium 99m-labeled
sestamib. J Nucl Cardiol 1997;4:42-51.

Gourion D, Noll D, Gantet R Celler A, Esquerré JP Attenuation correction
using SPECT emission data only. IEEE Trans Nucl Sci 2002;49:2172-2179.
Krol A, Bowsher JE, Manglos SH, Feiglin DH, Tornai MP Thomas FD. An
EM algorithm for estimating SPECT emission and transmission parameters
from emission data only. IEEET Trans Med Imaging 2001;20:218-232.

53

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Nuyts J, Dupont B Stroobants S, Benninck R, Mortelmans L, Suetens P
Simultaneous maximum a posteriori reconstruction of attenuation and
activity distributions from emission sinograms. [EEET Trans Med Imaging
1999;18:393-403.

Rahman A, Zhu Y, Clarkson E, Kupinski MA, Frey EC, Jha AK. Fisher
information analysis of listmode SPECT emission data for joint estimation
of activity and attenuation distribution. Inverse Probl 2020;36:084002.
Yan Y, Zeng GL. Attenuation map estimation with SPECT emission data
only. Int J Imaging Syst Technol 2009;19:271.

Segars WP Sturgeon G, Mendonca S, Grimes J, Tsui BM. 4D XCAT phantom
for multimodality imaging research. Med Phys 2010;37:4902-4915.
Segars WP Bond J, Frush J, Hon S, Eckersley C, Williams CH, Feng J, Tward
DJ, Ratnanather JT, Miller M, Frush D, Samei E. Population of anatomically
variable 4D XCAT adult phantoms for imaging research and optimization.
Med Phys 2013;40:043701.

Segars WP Mahesh M, Beck TJ, Frey EC, Tsui BM. Realistic CT simulation
using the 4D XCAT phantom. Med Phys 2008;35:3800-3808.

Segars WP Tsui BMW, Jing Cai, Fang-Fang Yin, Fung GSK, Samei E.
Application of the 4-D XCAT Phantoms in Biomedical Imaging and Beyond.
IEEE Trans Med Imaging 2017;37:680-692.

Okuda K, Nakajima K, Motomura N, Kubota M, Yamaki N, Maeda H,
Matsuo S, Kinuya S. Attenuation correction of myocardial SPECT by
scatter-photopeak window method in normal subjects. Ann Nucl Med
2009;23:501-506.

Lange K, Bahn M, Little R. A theoretical study of some maximum likelihood
algorithms for emission and transmission tomography. |EEE Trans Med
Imaging 1987,;6:106-114.

Lange K, Carson R. EM reconstruction algorithms for emission and
transmission tomography. J Comput Assist Tomogr 1984;8:306-316.
Shepp LA, Vardi Y. Maximum likelihood reconstruction for emission
tomography. IEEE Trans Med Imaging 1982;1:113-122.

King MA, Glick SJ, Pretorius PH, Wells RG, Gifford HC, Narayanan MV,
Farncombe T. Attenuation, scatter, and spatial resolution compensation
in SPECT.  Emission tomography: the fundamentals of PET and SPECT.
Academic 2004, 473-498.

Gullberg GT, Huesman RH, Malko JA, Pelc NJ, Budinger T. An attenuated
projector-backprojector for iterative SPECT reconstruction. Phys Med Biol
1985;30:799-816.

Ay MR, Shirmohammad M, Sarkar S, Rahmim A, Zaidi H. Comparative
assessment of energy-mapping approaches in CT-based attenuation
correction for PET. Mol Imaging Biol 2011;13:187-198.

Zeintl J, Vija AH, Yahil A, Hornegger J, Kuwert T. Quantitative accuracy of
clinical 99mTc SPECT/CT using ordered-subset expectation maximization
with 3-dimensional resolution recovery, attenuation, and scatter correction.
J Nucl Med 2010;51:921-928.

Munn S. The way to a man’s heart is through his stomach: much
"diaphragmatic” attenuation is likely gastric, and effervescent granules
enhance cardiac imaging. Eur J Radiol 2004;52:271-275.

Goodgold HM, Rehder JG, Samuels LD, Chaitman BR. Improved
interpretation of exercise TI-201 myocardial perfusion scintigraphy in
women: characterization of breast attenuation artifacts. Radiology
1987,165:361-366.

Grossman GB, Garcia EV, Bateman TM, Heller GV, Johnson LL, Folks RD,
Cullom SJ, Galt JR, Case JA, Santana CA, Halkar RK. Quantitative Tc-99m
sestamibi attenuation-corrected SPECT: development and multicenter trial
validation of myocardial perfusion stress gender-independent normal
database in an obese population. J Nucl Cardiol 2004;11:263-272.
Keereman V, Van Holen R, Mollet P Vandenberghe S. The effect of
errors in segmented attenuation maps on PET quantification. Med Phys
2011,;38:6010-6019.



Interesting Image
Mol Imaging Radionucl Ther 2023,32:54-56 ~ DOI:10.4274/mirt.galenos.2021.55376

Metachronous Brain Tumor in 177Lu-PSMA Scan in a Patient with
Metastatic Castration Resistant Prostate Cancer Mimicking Disease
Progression

Metastatik Kastrasyon Direngli Prostat Kanseri Olan Bir Hastada | //Lu-PSMA
Gortintlilemede Hastalik Progresyonunu Taklit Eden Metakron Beyin Timért

©® Elahe Pirayesh, ® Mehrdad Tavakoli

Shahid Beheshti University of Medical Sciences School of Medicine, Shohadae Tajrish Medical Center, Department of Nuclear Medicine,
Tehran, Iran

Abstract

A 66-year old man known case of metastatic castration resistant prostate cancer underwent successful 6 cycles treatment with 177Lu- prostate-
specific membrane antigen. On the last post therapy whole body scan a new lesion in the skull was noted, suspected for disease progression.
One week later, the patient complained from weakness of left upper extremity and brain magnetic resonance imaging revealed a brain tumor,
confirmed as glioblastoma pathologically.

Keywords: PSMA, mCRPC, glioblastoma, prostate cancer

Oz

Metastatik kastrasyona direncli prostat kanseri olan 66 yasinda bir erkek hasta, 177Lu-prostata 6zgli membran antijeni ile 6 kirlk basarili bir tedavi
gordl. Son tedavi sonrasi tim viicut taramasinda, hastanin kafatasinda yeni bir lezyon gérildu ve hastaligin progresyonundan stphelenildi. Bir
hafta sonra hasta sol Ust ekstremitede gli¢stizliik sikayeti ile basvurdu. Beyin manyetik rezonans goriintilemede beyin timaéri saptandi ve patolojik
olarak glioblastom olarak dogrulandi.
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Figure 1. A 66-year-old man known case of transplanted kidney and prostate cancer (PC) (adenocarcinoma GS: 7/10) since 8 years ago received
chemotherapy with docetaxel and different anti-androgen therapies including enzalutamide. Regarding the disease progression and serum prostate-
specific antigen (PSA) rising, he was referred for radio ligand therapy with 177Lu- prostate-specific membrane antigen (PSMA).

At the time of the first examination, he had widespread skeletal metastases a PSA level of 139 mg/dL. He was an eligible candidate for radioligand
therapy with 177Lu-PSMA, regarding the PSMA expression of the tumor, bone marrow reserve, renal function tests, and biochemical profiles.

He received 6 cycles of treatment (4 GBq in each cycle) with 2-3 months intervals and while the serial post therapies scans revealed gradual regression
of metastases, a downward trend of PSA levels was noted throughout the entire course (139 ng/mL to 0.4 ng/mL), as well (1). (A) First and (B) 5™
post therapy scan with 177Lu-PSMA. However, surprisingly on the 6" post therapy scan (C), a new lesion on the right side of the posterior skull was
detected, suspected for new metastases and probable disease progression. Unfortunately, at the time of being aware of the comparison result of
serial scans, the patient was not available anymore to obtain a single photon emission computed tomography study of the skull. One week later, the
patient complained of progressive weakness of the left upper extremity and mild headache.

Figure 2. The patient underwent brain magnetic resonance imaging [(A) T1 weighted, (B) T2 weighted, (C) T1weighted with contrast, (D) fluid-
attenuated inversion-recovery images| and it revealed a right frontoparietal necrotic mass with peripheral edema and incomplete ring enhancement
with areas of patchy enhancement.
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Figure 3. Stereotactic biopsy was performed and pathologic examination demonstrated a highly cellular and vascularized neoplasm with striking
pleomorphism, composed of enlarged hyperchromatic nuclei and foci of palisading necrosis, compatible with glioblastoma multiforme (GBM).
Recent advances in the diagnosis and treatment of malignancies have resulted in improved survival of cancer patients, with increased chances of
survivors being diagnosed with other primary malignancies. Multiple primary cancers (MPC), categorized as synchronous or metachronous, have an
overall frequency of 2%-17% in the literature. MPCs have been reported in 1.14%-8.7% PC patients. The increased risk of some secondary tumors in
PC, including bladder, colon, rectal, and urothelial cancers, could be related to radiation therapy. Some genetic factors (e.g. BRCA2) accounting for
secondary primaries in PC have been recognized, as well, associated with pancreatic cancer or melanoma (2). Malignant brain tumors in PC patients
is a very rare phenomenon, and no case has been found in case series studies (3,4). To our knowledge, it has been reported in a case report in the
context of multiple neoplasms (5).

Since, GBM is one of the most vascularized tumors (6) and PSMA is overexpressed in the tumor vasculature of GBMs, PSMA-tracer uptake is seen in
GBMs (7).

This case demonstrates a rare presentation of a metachronous brain glioblastoma in a PC patient. Additionally, it highlights the importance of careful
interpretation of new PSMA-positive lesions in patients treating with 177Lu-PSMA.
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Findings of I-131 SPECT/CT, '®F-FDG, and *®Ga-FAPI-04 PET/
CT Imaging in a Patient Treated with Radioiodine Therapy for
Metastatic Papillary Thyroid Carcinoma

Radyoiyot Tedavisi Alan Metastatik Papiller Tiroid Karsinomlu Bir Hastada I-131 SPECT/
BT, "*F-FDG ve ®®Ga-FAPI-04 PET/BT Goriintileme Bulgulary

® Gamze Tatar!, ® Goksel Algin2, ® Ozge Erol Fenercioglu2, ® Rahime $ahin2, ® Tevfik Fikret Cermik2

IUniversity of Health Sciences Turkey, Istanbul Bagcilar Training and Research Hospital, Clinic of Nuclear Medicine, Istanbul, Turkey
2University of Health Sciences Turkey, Istanbul Training and Research Hospital, Clinic of Nuclear Medicine, Istanbul, Turkey

Abstract

A 50-year-old man undergone total thyroidectomy and histopathology revealed papillary thyroid carcinoma with a tumor size of 4.5 cm. The
patient was referred to a nuclear medicine clinic for radioiodine therapy. Since the thyroglobulin level before the treatment was 495 ug/L, low-
dose (185 MBq) I-131 scan was performed. In addition to multiple liver metastases, bone metastases were detected in the sacrum and right 7%
rib in I-131 whole body scanning and single photon emission computed tomography/computed tomography (CT) imaging at the time of initial
staging. We present a case of multiple metastatic papillary thyroid carcinoma whose radioiodine treatment response and clinical outcome were
evaluated with "®F-fluorodeoxyglucose and Gallium-68 FAPI-04 positron emission tomography/CT.

Keywords: Papillary thyroid carcinoma, liver metastasis, radioiodine therapy, 131, "®F-FDG, %®Ga FAPI-04, PET/CT

Oz

Total tiroidektomi yapilan 50 yasindaki erkek hastada histopatolojik incelemede timér boyutu 4,5 cm olan papiller tiroid karsinomu saptandi.
Hasta radyoiyot tedavisi icin ntikleer tip klinigine yonlendirildi. Tedavi 6ncesi tiroglobulin diizeyi 495 ug/L oldugundan distik doz (185 MBq) I-131
taramas! yapildi. ilk evreleme sirasinda I-131 tiim viicut taramasi ve Tek foton emisyon tomografisi/bilgisayarli tomografi (BT) goriintillemede coklu
karaciger metastazlarina ek olarak sakrum ve sag 7. kostada kemik metastazlari saptandi. Klinik ve radyoiyot tedavi yaniti "®F-florodeoksiglukoz ve
Galyum-68-FAPI-04 pozitron emisyon tomogrofi/BT ile degerlendirilen multipl metastatik papiller tiroid karsinomu olgusu sunulmustur.

Anahtar kelimeler: Papiller tiroid kanseri, karaciger metastazi, radyoiyot tedavisi, 131, '8F-FDG, ®Ga FAPI-04, PET/BT
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Figure 1. Anterior (a) and posterior (b) view of whole-body scan (WBS) with 185 MBq (5 mCi) I-131 were performed due to elevated stimulated
thyroglobulin (Tg) (higher than 495 ug/L, anti Tg: 1.7 IU/mL) and serum liver enzymes (alanine transaminase: 112 U/L and aspartate transaminase:
70 U/L). Remnant tissue uptake was observed in the thyroid bed (arrow), and four metastatic foci in the liver (dashed arrow), right half of the sacrum
(arrowhead), and right anterior 7" rib of the thoracic skeleton (black arrowhead) were also observed. 9250 MBq (250 mCi) radioiodine therapy was
applied. Post-therapy WBS and single photon emission computed tomography/computed tomography (CT) axial fusion images showed intense iodine
accumulation in the metastatic lesions as described on low-dose WBS (c, d, e).
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Figure 2. '8F-fluorodeoxyglucose positron emission tomography (PET)/CT was performed 8 months after the radioiodine therapy to evaluate response
and determine if there are other foci with "8F-FDG positivity. Images of maximum-intensity projection (a) showed only one hypermetabolic metastatic
mass-like lesion in the left lobe medial segment of the liver [maximum standardized uptake value (SUV,__): 6.5] (arrow), anterior part of the right 7
rib (dashed arrow), and lytic destructive hypermetabolic metastatic bone lesion with central necrosis (SUV__: 4.0) in the right half of the sacrum (d)
without additional lesions to the I-131 scan. Ten months after the first radioiodine therapy, the second therapy with 9250 MBq (250 mCi) was applied
and radioiodine avid known metastasis was visualized in post-therapy I-131 scan. Four months after the second radioiodine therapy, the second ®F-FDG
PET/CT scan showed complete metabolic response in the liver (e) and partial response was observed in bone lesions (f, g). Serum Tg level decreased
to 168 pg/L and liver enzymes returned to normal.

Figure 3. Eight months after 2™ radioiodine therapy, a third dose with 9250 MBq (250 mCi) I-131 was given (2750 MBq achieved) and multiple liver
(a, b, ¢, d) and bone metastases were still iodine avid (e, f).
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Figure 4. '®F-FDG PET/CT was repeated 3 months after the third radioiodine therapy (a), and mild "®F-FDG uptake was detected in bone lesions (d,
e) with continuing "®F-FDG negativity in the liver (c). In the same week, Gallium-68 (®Ga)-FAPI-04 PET/CT imaging was performed (b) and moderate
%8Ga-FAPI-04 uptake was detected in hepatic metastases, while '8F-FDG was negative (f). Also, mild peripheral ®8Ga-FAPI-04 uptakes were seen in bone
metastases (g, h) like as "8F-FDG. Four months later last "8F-FDG scan was performed and stable disease was detected with no signs of progression as
to the previous scan. The last viewed Tg level decreased to 26.5 ug/L.

Distant metastatic disease at the time of diagnosis is rarely encountered in differentiated thyroid carcinoma (DTC) and usually occurs in the lungs
and skeleton (1,2). Liver metastasis are seen even rarer (<1%). Radioiodine therapy is a valuable radionuclide in practice for treating DTC when they
concentrate iodine (3,4). PET/CT serves a limited contribution to the diagnosis, but it has a significant impact in the management of DTC, especially
at increased Tg levels (5,6). Response assessment can be investigated by PET/CT for an option to I-131 scan (7). As shown in the current case, *Ga-
FAPI-04 may also take a place and add benefit in the restaging of metastatic DTC (8).
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'"C-Methionine PET/CT and '"®F-FDG PET/CT in the Evaluation of
Adult Alveolar Rhabdomyosarcoma

Eriskin Alveoler Rabdomiyosarkomun Degerlendiriimesinde '' C-Metionin PET/BT ve
"F-FDG PET/BT

® Yuka Hiroshima, ® Yoichi Otomi, ® Takayoshi Shinya, ® Hideki Otsuka, ® Masafumi Harada
Tokushima University, Department of Radiology, Tokushima, Japan

Abstract

A 70-year-old man with a tumor in the nasal and paranasal space, was pathologically diagnosed with an alveolar rhabdomyosarcoma, with
right cervical lymph node metastasis. Magnetic resonance imaging revealed a primary tumor in the nasal and paranasal sinuses, with associated
intracranial infiltration. ""C-methionine positron emission tomography/computed tomography (PET/CT) revealed increased uptake in the primary
tumor and right cervical lymph node metastasis. "®F-fluorodeoxyglucose PET/CT also revealed increased uptake in the primary tumor and right
cervical lymph node. However, the physiological brain uptake overlapped with the primary tumor uptake. Our case suggests the usefulness of
""C-methionine PET/CT for accurately assessing the extent of alveolar rhabdomyosarcoma, especially in cases with intracranial infiltration or those
approximating the brain.

Keywords: ''C-methionine, '®F-FDG, alveolar rhabdomyosarcoma, PET/CT

Oz

Nazal ve paranazal boslukta timdri olan 70 yasinda erkek hasta patolojik olarak sag servikal lenf nodu metastazi olan alveolar rabdomiyosarkom
tanisi aldi. Manyetik rezonans gorintilemede, nazal ve paranazal sinlslerde, intrakraniyal infiltrasyona da yol acan bir primer timor géraldi.
""C-metiyonin pozitron emisyon tomografisi/bilgisayarli tomografi (PET/BT), primer timdrde ve sag servikal lenf nodu metastazinda artmis
tutulum gosterdi. '®F-florodeoksiglukoz PET/BT ayrica primer timorde ve sag servikal lenf nodunda artmis tutulum gosterdi. Bununla birlikte,
fizyolojik beyin tutulumu, primer timar tutulumu ile Ust Uste gelmistir. Bizim olgumuz, ézellikle intrakraniyal infiltrasyonu olan veya beyne yakin
yayilimi olan vakalarda alveolar rabdomiyosarkomun boyutunu dogru bir sekilde degerlendirmek icin "'C-metiyonin PET/BT nin yararli oldugunu
dustndirmektedir.

Anahtar kelimeler: "'C-metionin, '®F-FDG, alveoler rabdomiyosarkom, PET/BT

Address for Correspondence: Yoichi Otomi MD, Tokushima University, Department of Radiology, Tokushima, Japan
Phone: +81-88-633-7173 E-mail: otomi.yoichi@tokushima-u.ac.jp ORCID ID: https://orcid.org/0000-0002-8960-3662
Received: 28.12.2021 Accepted: 20.02.2022

©Copyright 2023 by Turkish Society of Nuclear Medicine
Molecular Imaging and Radionuclide Therapy published by Galenos Yayinevi.

62


https://orcid.org/0000-0003-3942-9528
https://orcid.org/0000-0002-8960-3662
https://orcid.org/0000-0001-7101-5769
https://orcid.org/0000-0001-7165-6099
https://orcid.org/0000-0003-0958-1094

Mol Imaging Radionucl Ther 2023;32:62-64 Hiroshima et al. MET and '8F-FDG PET in Alveolar Rhabdomyosarcoma

Figure 1. An axial gadolinium-enhanced T1-weighted magnetic resonance imaging (MRI) of a 70-year-old man with a tumor in the nasal and paranasal
space. He was pathologically diagnosed with an alveolar rhabdomyosarcoma, with right cervical lymph node metastasis. The image shows a primary
tumor in the nasal and paranasal spaces, located mainly in the ethmoid sinus (arrows) (a, b). The tumor extends into the anterior cranial fossa and the

mid to the right frontal lobe (arrowheads) (b).

d

Figure 2. Maximum intensity projection ''C-methionine positron emission tomography (PET) image (a), axial ""C-methionine PET/computed tomography
(CT) fusion image (b), CT image at the ethmoid sinus (c), sagittal ""C-methionine PET/CT fusion image at mid-tumor (d), and axial "'C-methionine PET/
CT fusion image at the epiglottis level (). The tumor, located in the nasal and paranasal sinuses, exhibited an increased '"C-methionine uptake, with
a maximum standardized uptake value (SUV_ ) of 3.89 (short arrows). Intracranial invasion of the tumor was observed (arrowheads). The tumoral
extension, with high ""C-methionine uptake, can be differentiated from the normal brain area, which has a lower physiological ''"C-methionine uptake.
The enlarged right cervical lymph node also exhibited increased '"C-methionine uptake, with an SUV,__ of 4.94 (long arrows).
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Figure 3. Maximum intensity projection '®F-fluorodeoxyglucose ('¢F-FDG) PET image (a), axial "®F-FDG PET/CT fusion image (b), and CT image at the
ethmoid sinus (c), sagittal '®F-FDG PET/CT fusion image at mid-tumor (d), and an axial '®F-FDG PET/CT fusion image at the epiglottis level (e). The
'8F-FDG PET/CT performed four days after "'C-methionine PET/CT, showed an increased "®F-FDG uptake in primary tumor with a SUV__ of 8.63 (short
arrows). Intracranial invasion of the tumor was also observed in (arrowheads), but it was challenging to differentiate the tumor '8F-FDG uptake from
physiological ®F-FDG brain uptake. The enlarged right cervical lymph node also showed increased ®F-FDG uptake with an SUV__ of 10.42 (long
arrows). No distal metastases were observed. Although alveolar rhabdomyosarcoma is a common soft tissue tumor in children, it rarely occurs in
adults (1,2). "®F-FDG PET/CT has been reported as a useful modality in detecting tumor and distant lesions, staging, and predicting outcomes in cases
of pediatric rhabdomyosarcoma (3,4,5). In our case, the primary tumor in the nasal and paranasal sinuses was visualized using both ""C-methionine
PET/CT and "8F-FDG PET/CT. "'C-methionine PET/CT is a more useful modality in evaluating intracranial tumors (6,7) due to the low physiological
brain uptake of ""C-methionine. This allows ""C-methionine PET/CT to delineate the tumor borders clearly. Cervical lymph node metastasis showed
increased uptake of both tracers. '®F-FDG PET/CT is a valuable modality to assess the local alveolar rhabdomyosarcoma other than the head and
neck region and to evaluate regional lymph node metastasis and distant metastases. '"C-methionine PET/CT may be a useful tool for patients with
alveolar rhabdomyosarcomas, especially in the head and neck regions. Additionally, ®F-FDG PET/MRI provides further improvements in the staging
and assessment of soft tissue tumors (2,8). ""C-methionine PET/MRI images from patients with rhabdomyosarcoma should be collected and discussed
in future publications.
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Incidental Tc-99m MDP Uptake in Cortical-subcortical
Parietotemporal Cerebral Area in a Patient with a History of
Recent Ischemic Cerebrovascular Event who Underwent Whole-
body Bone Scan

Yakin Zamanda Iskemik Serebrovaskiler Olay Oykiisti Olan ve Tim Viicut Kemik
Taramasi Yapilan Bir Hastada Kortikal-subkortikal Parietotemporal Serebral Alanda
Tesadufen Saptanan Tc-99m MDP Tutulumu

® Demet Nak, ® Sibel Goksel
Recep Tayyip Erdogan University Training and Research Hospital, Department of Nuclear Medicine, Rize, Turkey

Abstract

The authors present Tc-99m methylene diphosphonate (MDP) uptake in the right parietotemporal area at whole-body bone scan (WBBS) in 75
years male patient with prostate adenocarcinoma Gleason score 3+4 (pT2NOMKx). No residual or metastatic disease was detected in the patient’s
Gallium-68 prostate-specific membrane antigen positron emission tomography/computed tomography four months before WBBS. The patient
had undetectable prostate-specific antigen levels and underwent WBBS to restage prostate cancer due to equivocal findings in previous WBBS.
Current WBBS planar views revealed heterogeneous Tc-99m MDP uptake in the right parietotemporal area and the sphenoid bone in addition
to equivocal uptake on the lower lumbar vertebrae. Single-photon emission computed tomography study to identify the MDP-avid lesion on the
right cranial area revealed heterogeneous Tc-99m MDP uptake in the right parietotemporal area and sphenoid bone. The patient had a history
of transsphenoidal surgery for a hypophyseal tumor two years ago and a recent cerebrovascular event (CVE). Diffusion-weighted magnetic
resonance imaging revealed a cortical-subcortical patchy area of restricted diffusion in the parietotemporal region compatible with acute ischemia.
Heterogeneous Tc-99m MDP uptake in the right parietotemporal area was attributed to recent CVE and secondary vascular-tissue change-related
dystrophic calcification.

Keywords: Bone scan, cortical- subcortical, cerebral, MDP uptake

Oz

Yazarlar 75 yasinda prostat adenokarsinom Gleason skor 3+4 (pT2NOMX) tanili erkek hastanin cekilen tim viicut kemik sintigrafisinde (TVKS) sag
paryetotemporal bélgeye uyan alanda izlenen Tc-99m metilen difosfonat (MDP) tutulumunu sunmaktadir. Hastanin TVKS'den 4 ay énce cekilen
Galyum-68 prostat spesifik membran antijeni pozitron emisyon tomografi/bilgisayarli tomografide rezidii veya metastaz saptanmamisti. Prostat
spesifik antijen dlzeyi lctlebilir araligin altinda olan hastaya, énceki TVKS'de saptanan stipheli bulgularin aydinlatimasi amaciyla yeniden evreleme
amagh TVKS cekilmisti. Glincel TVKS'de sag kraniyal bolgede saptanan Tc99m MDP tutulumunu aydinlatmak igin yapilan tek foton emisyonlu
bilgisayarli tomografi gérintilemede sag paryetotemporal bélgede heterojen T99m MDP birikimi, sfenoid kemikte fokal tutulum ve lomber alt
vertebralarda nospesifik tutulum izlendi. iki yil 6nce hipofiz tiimoriine yénelik transfenoidal cerrahi ve yakin tarihli serebrovaskiiler olay ykusti
mevcuttu. Difflizyon agirlikli kraniyal manyetik rezonans goriintilerinde sag paryetotemporal bélgede kortikalsubkortikal alanda akut iskemi ile
uyumlu yamasal diflizyon kisithligr alani saptandi. Sag paryetotemporal bolgede izlenen heterojen Tc99m-MDP tututlumu yakin tarihli iskemik
serebrovaskler olaya ve vaskiler-doku degisikligine bagl distrofik kalsifikasyona ikincil nitelikte degerlendirildi.
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Figure 1. Axial apparent diffusion coefficient (ADC) (left) and diffusion-weighted (DWI) (right) magnetic resonance images (MRI) revealing cortical and
subcortical patchy areas of restricted diffusion in parietotemporal region compatible with acute ischemia.

Anterior Posterior

Figure 2. Tc-99m methylene diphosphonate (MDP) whole-body images show MDP avidity at the right cranial region, sphenoidal area, and equivocal
activity at lower lumbar vertebrae. The equivocal activity in the lumbar region was attributed to disc herniation and accompanying degenerative
changes.
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Figure 3. Axial (upper line) and coronal (midline) saggital (lower line) single-photon emission computed tomography images revealing heterogeneous
Tc-99m MDP uptake of the parietotemporal cortical area matching with ADC and DWI MRIs, which showed restricted diffusion compatible with acute
ischemia. Uptake on the right sphenoidal region was attributed to the patient’s previous transsphenoidal surgery. In addition to primary and metastatic
neoplasms, non-malignant and altered uptake of Tc-99m MDP can be seen due to various etiologies. Dystrophic calcification, defined as histologic
disruption-induced calcium deposition in tissues after trauma, ischemia, cellular necrosis, or in the enzymatic necrosis of fat, occurs in patients with
normal calcium and phosphorus levels (1). Cerebral, myocardial, and muscular infarction-related various Tc-99m MDP uptake patterns have been

reported previously (1,2,3,4,5).
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'8F-FDG PET/CT Imaging of a Grade 3 Lymphomatoid
Granulomatosis in an Immunocompromised Pediatric Patient

Primer Immiin YetmezIigi Olan Evre 3 Lenfomatoid Graniilomatozis Tanili Pediatrik Bir
Hastanin '®F-FDG PET/BT Gériinttlemesi

@ Selin Kesim, ® Feyza Sen, ® Salih Ozgiiven, ® Tung Ones

Marmara University Pendik Training and Research Hospital, Department of Nuclear Medicine, Istanbul, Turkey

Abstract

Lymphomatoid granulomatosis is a rare extranodal Epstein-Barr virus-driven Bcell lymphoproliferative disease, involving predominantly lung, less
often skin, kidney, and central nervous system. Here, we present a pediatric case with primary immunodeficiency, diagnosed with pathologically
proven pulmonary grade-lll lymphomatoid granulomatosis. #F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography
(PET/CT) imaging demonstrated '®F-FDG avid pulmonary masses with central air-bronchograms and cavitations. Although the definitive diagnosis
depends on biopsy, '®F-FDG PET/CT serves as a complementary imaging tool to evaluate the extent of the disease and response to treatment.

Keywords: Lymphomatoid granulomatosis, pulmonary involvement, '#F-FDG PET/CT

Oz

Lenfomatoid grantlomatozis, cogunlukla akciger, daha az siklikla deri, bobrek ve merkezi sinir sistemi tutulumu ile giden, nadir gorilen
ekstranodal Epstein-Barr virlist iliskili B-hiicreli lenfoproliferatif bir hastaliktir. Burada, primer immin yetmezlikli, biyopsi ile pulmoner grade-3
lenfomatoid grantilomatozis tanisi almis pediatrik bir olgu sunulmaktadir. ®F-florodeoksiglukoz (FDG) PET/BT gérintilemesi, santral kesimde hava
bronkogramlari ve kavitasyonlar iceren ve "®F-FDG tutulumu gosteren pulmoner kitleler géstermistir. Kesin tani biyopsiye bagli olsa da '®F-FDG PET/
BT tetkiki hastalik yayginliginin ve tedaviye yanitin degerlendiriimesinde yardimci bir gérintileme yontemidir.
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B C

Figure 1. A 13-year-old girl, who has major histocompatibility complex class | deficiency, was presented with persistent cough, and computed
tomography (CT) imaging revealed nodular lesions in both lungs. Biopsy was directed to the lesion in the left lower lobe of the lung, and histopathologic
examination was consistent with grade 3 lymphomatoid granulomatosis (LG). A combination of chemoimmunotherapy was initiated and she was
referred to '8F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) to evaluate the extent of the disease. ®F-FDG
PET/CT maximum intensity projection image showed ™F-FDG avid pulmonary masses (A). Axial PET, CT, and fused PET/CT images demonstrated
peripheral intense '8F-FDG uptake with a maximum standardized uptake value of 19.2 in the pulmonary nodules/mass that have central cavitations,
internal air-bronchograms, and subpleural distribution, in the left lower (B) and the mid lobe of the lung (C). No extrapulmonary lesions were identified.
LG is a rare Epstein-Barr virus (EBV)-associated B-cell lymphoproliferative disorder, that involves extranodal sites, such as the skin, central nervous
system, liver, and kidneys, with the lung almost always being affected (1). LG is classified into three histological grades depending on the number
and density of atypical large EBV-positive B-cells, angio-invasive/angio-destructive reactive T-cell infiltration, and necrosis, which is essential in selecting
appropriate treatment strategies (2). Corticosteroids and/or single-agent chemotherapy are used in low-grade (grade 1 and grade 2) LG, whereas
high-grade (grade 3) LG, has an inferior outcome with a higher incidence of multisystem involvement and is best managed by chemoimmunotherapy
(3). Most of the patients do not have underlying immunodeficiency, while immunosuppressed individuals have increased risk, as in our patient. LG
typically presents in middle-aged adults, and reports of this disease in children are limited in the literature (4).

Pulmonary LG, which predominantly affects the mid to lower lung, presents with nodules and masses mostly in the peribronchovascular and subpleural
regions, which corresponding to lymphatic dissemination, and central low attenuation, cavitation, and peripheral enhancement of the nodules/masses
are related to the angio-invasive and angio-destructive nature of the disease (5). CT manifestations may mimic infection, bronchioloalveolar lung
cancer, pulmonary lymphoma, sarcoidosis, or Wegener's granulomatosis, and LG should be considered a differential diagnosis while evaluating *F-FDG
PET/CT images of pediatric patients with respiratory and/or B symptoms.

'8F-FDG PET/CT findings in patients with LG, involving the lung or central nervous system, were limited to case reports in the literature (6,7,8,9,10).
Like other "®F-FDG-avid high-grade lymphomas, "8F-FDG PET/CT is reported to be an effective imaging tool for staging and monitoring response to
treatment in patients with LG (9). With the ability to present both morphologic and functional information, whole-body '®F-FDG PET/CT scan can assist
in identifying the involved sites, guide high-yield biopsy, and help the management of the disease.
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Incidental Detection of Pseudomembranous Colitis Through
'8F-FDG PET/CT During the Restaging of Colorectal Cancer

Kolorektal Kanserin Yeniden Evrelenmesi Sirasinda '8F-FDG PET/BT ile
Psédomembrandz Kolitin Tesadifen Saptanmasi

© Luca Filippi

Santa Maria Goretti Hospital, Department of Nuclear Medicine, Latina, taly

Abstract

A 59-year-old man, previously submitted to anterior resection due to rectal cancer, underwent a contrast-enhanced computed tomography (ce-CT)
for restaging before eventual chemotherapy. Because ce-CT showed a moderate enlargement of the descending colonic lumen, in despite the
lack of symptoms, positron emission tomography (PET)/CT '®F-fluorodeoxyglucose (FDG) was carried out. '®F-FDG PET/CT demonstrated highly
increased tracer incorporation along the colon walls. Two days after the PET/CT examination, complaints of diarrhea and abdominal pain began.
Clostridioides difficile stool test resulted positiv; thus, thus he started antibiotic therapy without benefit. Because follow-up ce-CT demonstrated a
megacolon condition, he was submitted to hemicolectomy. Histology revealed a diffuse condition of pseudomembranous colitis (PMC). This case
highlights the potential of "®F-FDG PET/CT for detecting PMC morphological and functional features also in pre-symptomatic patients.

Keywords: Inflammatio, '®F-FDG, positron emission tomograph, colitis

Oz

Daha 6nce rektum kanseri nedeniyle anterior rezeksiyon uygulanan 59 yasinda bir erkek hastaya nihai kemoterapiden énce yeniden evreleme icin
kontrastli bilgisayar tomografi (k-BT) uygulandi. K-BT'de, hastanin semptomu olmamasina ragmen inen kolonik liimende orta derecede genisleme
gorlldiginden, '®F-florodeoksiglukoz (FDG) ile pozitron emisyon tomografi (PET)/BT cekildi. "®F-FDG PET/BT'de kolon duvarlari boyunca artmis
aktivite tutulumu gorildd. PET/BT incelemesinden iki glin sonra hastanin ishal ve karin agrisi sikayetleri basladi. Clostridioides difficile’ye yonelik
gaita testi pozitif sonuglandi, antibiyotik tedavisine baslandi ancak hasta fayda gérmedi. Takip k-BT bir megakolon durumunu gésterdiginden,
hasta hemikolektomiye gonderildi. Histoloji, yaygin bir psédomembrandz kolit (PMC) ile uyumlu idi. Bu olgu, "®F-FDG PET/BT'nin pre-semptomatik
hastalarda da PMC'nin morfolojik ve fonksiyonel 6zelliklerini saptama potansiyelini vurgulamaktadir.
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Figure 1. In November 2020, a 59-year-old male was submitted to anterior resection due to rectal cancer, resulting in pT2 pNO poorly differentiated
adenocarcinoma at histological examination. In March 2021, he underwent contrast-enhanced computed tomography (ce-CT) for restaging and
eventual therapeutic decision. Few days before the examination, he had completed one week course of oral amoxycillin due to oropharyngeal
infection: ce-CT, at the venous phase (A), revealed abnormal enlargement of the descending colonic lumen (maximum diameter: 35 mm), coupled
with parietal thickening and lymph adenopathies in the perivisceral fat, as well evident in the axial (top row, arrow) and coronal (lower row, arrow)
images. The patient was completely asymptomatic. In the suspicion of tumoral peritoneal metastatization, five days later he was submitted to positron
emission tomography (PET)/CT with "8F-fluorodeoxyglucose (FDG): whole body PET/CT (B) showed highly increased tracer incorporation (maximum
standardized uptake value/maximum standard uptake value: 19.4) along the colonic walls (arrow), furthermore a diffuse, mild "®F-FDG uptake was
evident in the blood marrow as for an inflammatory condition. Coronal (C) and axial (D) corresponding fused images well demonstrated tracer
incorporation within the thickened walls of the descending colon, with a further enlargement of the lumen (arrow, maximum diameter 77 mm). The
patient was promptly referred to the surgical department (SD) of our hospital for further clinical investigations. One day after admission to SD, he
began experiencing abdominal pain and diarrhea: blood test was normal, except for an increased white blood cell’ count (85% neutrophils), and stool
test for Clostridioides difficile toxin resulted positive. He started antibiotic therapy with vancomycin at a high dose, without clinical benefits. Further
ce-CT (E) demonstrated a worsening of colon enlargement (maximum diameter: 89 mm) and of the parietal thickening, as evident in the axial (top
row, arrow) and coronal slices (lower row, arrow). The patient was submitted to left hemicolectomy. Post-surgical specimen showed typical features of
pseudomembranous colitis (PMC). Nuclear medicine has a well-established role in the diagnosis of inflammation and infection through several technical
approaches (1,2,3). Since activated lymphocytes and granulocytes overexpress glucose transporters and up-regulate hexokinase activity, PET/CT with
'®F-FDG has been successfully applied to also the diagnosis and monitoring of infectious and inflammatory processes: PET/CT offers the advantage of
being a whole body and single-day procedure, characterized by excellent spatial resolution (4,5). Although preclinical studies have suggested that the
grade of "®F-FDG PET/CT in PMC may correlate with disease severity in animal models (6), there are few clinical reports on this topic (5,6,7,8]. The case
we describe shows that '8F-FDG PET/CT scan can be applied to detect PMC typical features, consisting of increased glucose metabolism corresponding
to diffuse bowel wall thickening and dilatation, also at a very early and still pre-symptomatic phase, therefore guiding clinicians to the more appropriate
diagnostic and therapeutic approaches.
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A Rare Case and Atypical Metastatic Regions, Pulmonary Giant Cell
Carcinoma

Nadir Olgu ve Atipik Metastatik Bolgeler, Pulmoner Dev Hucreli Karsinom

©® Ceyda Nur Diindar Caglayan, ® Miige Nur Engin, ® Adil Boz
Akdeniz University Hospital, Department of Nuclear Medicine, Antalya, Turkey

Abstract

Sixty two years old man referred to our clinic due to suspicion of thymic mass. The hypermetabolic nodular lesion in the right lung upper lobe
was seen in #Ffluorodeoxyglucose (FDG)-positron emission tomography/computed tomography (PET/CT) in addition to the mass in the anterior
mediastinum which was found to without malignancy. The patient underwent wedge resection and final diagnosis was pulmonary giant cell
carcinoma. In follow-up "8F-FDG PET/CT multiple lesions with pathological activity were observed in the cerebrum, right postauricular region,
bilateral adrenal, stomach, pancreas, pelvic soft tissue, mesenteric, left femur and bilateral lung parenchyma 6 months after. The pathology results
of the right frontal, pelvic mass and the postauricular region were metastasis.

Keywords: Primary pulmonary giant cell carcinoma, '®F-FDG PET/CT, atypical metastasis

Oz

Altmis iki yasinda hasta timik kitle nedeniyle klinigimize bagvurdu. Yapilan ®F-florodeoksiglukoz (FDG)-pozitron emisyon tomografi/bilgisayarli
tomografide (PET/BT) anterior mediasten yumusak doku kitlesine ek olarak sag akcigerde hipermetabolik nodiler lezyon izlendi. Akciger rezeksiyon
sonrasinda pulmoner dev hicreli karsinom tanisi aldi. Takip '®F-FDG PET/BT'sinde beyin, sag postaurikiler, bilateral adrenal, mide, pankreas, pelvik
yumusak doku, mezenterik, sol femur ve bilateral akciger parankiminde multipl patolojik aktiviteli lezyon gozlendi. Bunlardan sag frontal, pelvik
kitle ve postaurikuler yerlesimli lezyonlarin histopatolojisi metastatik olarak sonuglandi.
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Figure 1. We present a case of a 62 years old man with a history of giant cell tumour of lung. 18F-fluorodeoxyglucose (FDG)-positron emission
tomography/computed tomography (PET/CT) demonstrated abnormal uptake in the malignancy suspected nodular lesion in right lung upper lobe (C
and D, blue arrow). The patient underwent right lung wedge resection and final diagnosis was pulmonary giant cell carcinoma with visceral pleural
invasion. Axial thorax CT image (A), fused PET/CT images (B, D), axial parenchyma window CT image (C), wholebody maximum intensity projection
(MIP) image (E).

Figure 2. Six months after follow-up PET/CT, multiple metastatic lesions in the lung were noted. Multiple progressive metastatic lesions were seen
around the brain (H, black arrow), bilateral adrenal (C and D, white arrows), pancreatic corpus (C, D, G, yellow arrows), pelvic soft tissue (E, F, H,
blue arrows), right postauricular area (A, B, G, red arrows), left femur (G and H), and great curvature of stomach (H, orange arrow). The pathology
of excisional biopsy proved that the right frontal, right postauricular and pelvic mass lesions were metastatic. Giant cell carcinoma of lung is a rare
histological form of sarcomatoid carcinomas traditionally classified within the non-small cell lung carcinomas. Sarcomatoid tumors are an uncommon
type of lung cancers (less than 1% of all lung cancers) and shows aggressive behavior (1,2,3,4,5). To the best of our knowledge, although there are
reports of pulmonary giant cell carcinoma as a lung lesion in the literature (6,7,8), there are no reports of these atypical metastatic regions. Axial CT
images (A, C, E), fused PET/CT images (B, D, F), wholebody MIP images (G, H).
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Snow Leopard Appearance of Subcutaneous Panniculitis such as
T-cell Lymphoma on '8F-FDG PET/CT

8F-FDG PET/CT'de T-hiicreli Lenfoma Benzeri Deri Alti Pannikdilitin Kar Leopart GEriinim(i

©® Salah Nabih Oueriagli, ® Laila El Asraoui, ® Omar Ait Sahel, ® Yassir Benameur, ® Abderrahim Doudouh

Mohamed V University Souissi, Mohammed V Military Teaching Hospital, Department of Nuclear Medicine, Rabat, Morocco

Abstract

Subcutaneous panniculitis such as T-cell lymphoma (SPTCL) is a very rare disorder. Patients usually present with multiple subcutaneous nodules
on the extremities without visceral disease. Dissemination to extra-cutaneous sites is unusual. Only a few cases of SPTCL have been reported in
the literature describing the findings of '8F-fluorodeoxyglucose (FDG) positron emission tomography (PET). Here, we represent an interesting and
unusual case of diffuse SPTCL with snow Leopard skin appearance on '8F-FDG PET/computed tomography.

Keywords: Panniculitis-like T-cell lymphoma, snow Leopard skin, '8F-FDG PET/CT

Oz

Subkitan pannikdlit benzeri T-hticreli lenfoma (SPTCL) ¢ok nadir gorllen bir hastaliktir. Hastalar genellikle ekstremitelerde visseral hastalik
olmaksizin ¢ok sayida subkiitan nodl ile basvurdular. Ekstra-kutanoz bolgelere yayilim alisiimadik bir durumdur. Literatiirde, '®F-florodeoksiglukoz
(FDG) pozitron emisyon tomografisi (PET) bulgulari bildirilen yalnizca birkag SPTCL olgusu bildirilmistir. Burada, '®F-FDG PET/bilgisayarli tomografide
kar Leopari deri gortiniimu olan, diffiiz SPTCL'li ilging ve alisiimadik bir olguyu sunuyoruz.

Anahtar kelimeler: Pannikdlit benzeri T-hicreli lenfoma, kar Leopari derisi, "®F-FDG PET/CT
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Figure 1. A 22-year-old female patient, presented with macrophage activation syndrome in the context of diffuse subcutaneous panniculitis such as
T-cell lymphoma (SPTCL), was referred to our positron emission tomography (PET) unit to evaluate initial staging. Whole-body non-contrast-enhanced
'8F-fluorodeoxyglucose (FDG) PET/computed tomography (CT) was performed, and the 3D maximal intensity projection showed a snow Leopard skin
appearance with multiple disseminated hot spots throughout the subcutaneous tissues (panel A). Fusion images in axial sections revealed areas of
abnormal increased uptakes corresponding to diffuse subcutaneous "®F-FDG multiple micronodular (panel B). Our PET/CT also showed nodal uptakes in
right inguinal lymph-nodes with maximum standard uptake value: 8.6 (panel C). SPTCL is a very rare disorder in which all patients are usually presented
with multiple subcutaneous nodules on the extremities and trunk without visceral disease (1). It represents 1% of cases of non-Hodgkin's lymphoma
(2). Dissemination to extra-cutaneous sites is unusual, and SPTCL may be preceded for years by a seemingly benign panniculitis (3). In our knowledge,
just a few cases have been reported in the literature, describing the appearance of SPTCL on "®F-FDG PET (4). Without histology confirmation, snow
Leopard skin appearance on '8F-FDG PET/CT can be related to other origins such as: benign panniculitis, sarcoidosis, and cutaneous polyarteritis nodosa
(5,6).
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Significance of Clinico-radiological Correlation in a Patient
with Pulmonary Intimal Sarcoma Simulating as Pulmonary
Thromboembolism

Pulmoner Tromboembolizmi Taklit Eden Pulmoner Intimal Sarkomlu Bir Hastada Klinik-
radyolojik Korelasyonun Onemi
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Abstract

Pulmonary intimal sarcoma (PAS) is a highly aggressive malignant mesenchymal tumor affecting the central pulmonary arteries. Similar clinical
presentation and indeterminate laboratory parameters often result in misdiagnosis of this condition as pulmonary thromboembolism, which is a
relatively common disease. Certain imaging features can however allow differentiation between these two diagnoses. We present one such case
of PAS that was initially treated as pulmonary embolism; and briefly review the relevant imaging characteristics to avoid overlooking PAS especially
in patients with an atypical clinical history for thromboembolism.

Keywords: Pulmonary intimal sarcoma, CT pulmonary angiography, pulmonary thromboembolism, wall eclipse sign

Oz

Pulmoner intimal sarkom (PAS), merkezi pulmoner arterleri etkileyen oldukga agresif bir malign mezenkimal timaordur. Benzer klinik tablo ve
belirsiz laboratuvar parametreleri siklikla bu durumun, nispeten yaygin bir hastalik olan pulmoner tromboembolizm olarak yanlis teshis edilmesine
neden olur. Bununla birlikte, belirli gérintileme 6zellikleri, bu iki durumun ayrimini saglayabilir. Baslangicta pulmoner emboli olarak tedavi edilen
boyle bir PAS'li hastayr sunduk ve ozellikle atipik klinik tromboembolizm 6ykist olan hastalarda PAS'yi gézden kagirmamak icin gérintileme
oOzelliklerini kisaca gozden gegirdik.

Anahtar kelimeler: Pulmoner intimal sarkom, BT pulmoner anjiyografi, pulmoner tromboembolizm, duvar tutulmasi belirtisi
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Figure 1. Pulmonary intimal sarcoma (PAS) is an aggressive malignant mesenchymal tumor originating from the subendothelial connective tissue lining
of the central pulmonary arteries (i.e. main, right or left) (1,2). This rare condition is often misdiagnosed initially as pulmonary embolism and is followed
by initiation of anticoagulation therapy which allows unbridled tumor growth (3,4). Although both diseases manifest as filling defects in pulmonary
arteries, PAS is usually lobulated or nodular and forms an acute angle with the intimal surface with heterogeneous enhancement as compared to acute
pulmonary embolism, which typically manifests as thin and thread-like defects (5,6). Vascular expansion with complete luminal occlusion is another
distinctive feature of PAS and reflects the preferential intraluminal growth of the tumor.

Baseline computed tomography (CT) pulmonary angiography of a 35-year-old gentleman with complaints of non-productive cough and shortness of
breath for 1 year with raised D-dimer levels (836 ng/mL, normal range <500 ng/mL) showed a lobulated heterogeneous intraluminal filling defect
occluding the main pulmonary artery with extension into the right and left branches, mimicking a saddle embolus (asterisk in a). A small subpleural
consolidation (arrow, a) seen in the right upper lobe represents pulmonary infarct. (b) Sagittal CT confirms the complete occlusion of the main
pulmonary trunk with proximal extension of the filling defect into the region of the pulmonary valve (arrow). Although no obvious extravascular
extension was seen, the lesion caused obscuration of the walls of the pulmonary arteries. With an initial diagnosis of massive pulmonary embolism, he
was started on acenocoumarol but did not show any improvement.

Figure 2. Coronal CT pulmonary angiography (a) performed after 7 months demonstrates the extension of the mass into the paratracheal location
(asterisk) with the involvement of the superior vena cava. Such atypical features, including vascular expansion, complete occlusion of the pulmonary
artery, and frank extravascular extension raised the suspicion of PAS. The patient underwent positron emission tomography (PET)/CT that showed avid
radiotracer uptake (b) in the mass, which is not seen in embolism. The patient then underwent endobronchial ultrasound (EBUS) guided fine needle
aspiration cytology (FNAC) of the lesion.

The most specific sign aiding in the detection of PAS is overt extravascular extension, which occurs in later stages (4). “Wall eclipse sign” is diagnostic of
PAS and incorporates three criteria: (i) a low-density mass completely occupying the central pulmonary arteries, (i) proximal protrusion of the mass into
the right ventricular outflow tract, and (iii) obscuration of the one or both walls of the involved artery. All three are absent in thromboembolism (7).
An acute angle of contact, presence of intratumoural vessels, absence of vessel tapering, and webs are helpful features for differentiating PAS from
chronic thromboembolism (4,6). Although PAS does not show enhancement on CT, it however demonstrates avid uptake on "F-fluorodeoxyglucose
PET, which reflects its increased metabolic activity; combined PET/CT is the most definitive modality of distinguishing PAS from non-neoplastic
thromboembolic disease (5).
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Figure 3. (a) EBUS-guided FNAC of the mass shows tumor cell fragments with pleomorphic oval to spindle cells showing high nucleo- cytoplasmic
ratio (arrows in a) on high power photomicrograph (magnification 200x) with papanicolaou stain; (b) the tumor cells also showed strong positivity for
smooth muscle actin (brown cells, same magnification), which was consistent with the diagnosis of PAS.

E

Figure 4. Coronal contrast-enhanced CT image post institution of cytoreductive chemotherapy revealed a reduction in the size of the mass (arrow in
a) and cavitation in the pulmonary infarct (arrow in b) representing a partial response. However, the patient developed severe thrombocytopenia as a
complication of chemotherapy with pulmonary hemorrhage and succumbed to the illness.
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Primary Isolated Breast Lymphoma Presenting as Primary Breast
Cancer with '®F-FDG PET/CT

'8F-FDG PET/BT'de Meme Kanserini Taklit Eden Primer Meme Lenfomasi

@ Ozge Vural Topuz, ® Ozgiir Omak, ® Burcak Yilmaz

University of Health Sciences Turkey, Basaksehir Cam and Sakura City Hospital, Clinic of Nuclear Medicine, Istanbul, Turkey

Abstract

A 40-year-old woman with a palpable mass lesion in her right breast suggested as breast cancer was admitted to "®F-fluorodeoxyglucose (FDG)
positron emission tomography/computed tomography (PET/CT) unit for the metabolic characterization of the lesion and for the staging of the
disease. The patient had no fever and no evidence of weight loss or night sweats. '®F-FDG PET/CT revealed an isolated solid mass lesion with
increased '"®F-FDG uptake in the upper outer quadrant of the right breast and increased '8F-FDG uptake in the lymph nodes of the right axilla
suspected as primary breast cancer and its local lymph node metastasis. There was no other pathological '®F-FDG uptake in the whole body.
Excisional biopsy histopathology revealed diffuse large B-cell non-Hodgkin lymphoma.

Keywords: Breast, non-Hodgkin lymphoma, PET/CT, "®F-FDG

Oz

Sag memede kitle saptanan meme kanseri &n tanili 40 yasinda kadin hasta, lezyonun metabolik karakterizasyonu ve hastaligin evrelenmesi amaciyla
'8F-florodeoksiglukoz (FDG) pozitron emisyon tomografisi/bilgisayarli tomografi (PET/BT) tnitesine basvurdu. Hastanin ates, kilo kaybi veya gece
terlemesi yoktu. "®F-FDG PET/BT gorlintilemesinde sag meme Ust dis kadranda artmis "8F-FDG tutulumu gosteren solid bir kitle lezyonu ile; sag
aksillada artmis "®F-FDG tutulumu gosteren lenf nodlari izlenmis olup 6n planda primer meme kanseri ve aksiller lenf nodlarinda metastaz stiphesi
uyandirmistir. Tim viicudun geri kalan kisimlarinda herhangi bir patolojik "®F-FDG tutulumu yoktu. Lezyonun eksizyonel biyopsi histopatolojisinde
diffiiz blylk B-hicreli non-Hodgkin lenfoma saptand..
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Figure 1. A 40-year-old woman with a palpable mass with an axial diameter of about 4 cm in her right breast suggested as primary breast cancer was
admitted to our department for '8F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) imaging for metabolic
characterization of the lesion. The patient had no fever and no evidence of weight loss or night sweats. The axial PET/CT and CT images of the chest (A,
B, C, D) show a hypermetabolic lesion in the upper outer quadrant of the right breast with increased '8F-FDG uptake (maximum standard uptake value:
19.3) and lymph node (arrows) involvement with increased '8F-FDG uptake in the right axilla. Whole body maximum intensity projection (MIP) (E) and
coronal PET/CT images (F) revealed hypermetabolic breast lesion (thick arrow) and axillary nodes (arrow) without other abnormal "8F-FDG uptake in
the entire body. Breast masses are common but are not usually caused by hematological malignancies. The breast is an uncommon site for developing
malignant lymphomas. The small amount of lymphoid tissue in the breast may be the cause of the rarity of primary breast lymphoma (PBL) (1,2). Less
than 1% of NHL involve the breast primarily and PBL accounts for 0.04%-0.5% of all breast malignancies (3,4) The most common histology of patients
reported to have PBL is diffuse large B-cell non-Hodgkin lymphoma (DLBCL) (5). '8F-FDG PET/CT has an important role in the staging of lymphoma, in
the evaluation of treatment response and and in the detection of recurrence (6). Excisional biopsy result of the right breast lesion was reported as a
DLBCL activated B-cell subtype. Immunohistochemical findings were CD3(+), CD5(+), CD10(-), CD20(+), CD38(+), CD44 (+),PAX5(+), Bcl-2(+), Bcl-6(+),
and Ki-67 labeling index (80%-90%). The patient was then referred to the medical oncology department and received combination chemotherapy.
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Figure 2. "®F-FDG PET/CT was performed following appropriate chemotherapy, without any '8F-FDG uptake in the whole body 4 months after the
initial PET/CT study. The axial PET/CT and CT images (A, B, C, D) of the control PET/CT scan show no pathological '8F-FDG uptake in the right breast
and axilla. Whole-body MIP (E) and coronal PET/CT (F) images revealed complete regression of the disease.
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A Rare Hernia Mimicking Implant in a Patient with Rectal
Adenocarcinoma: Internal Herniation

Rektal Adenokarsinomlu Bir Hastada Implanti Taklit Eden Nadir Bir Fitik: Internal
Herniasyon
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Abstract

Internal herniation may be seen more frequently in patients with intra-abdominal surgery and malignancy history. We presented a 58-year-old
male patient diagnosed with rectal adenocarcinoma seven years ago with a history of surgery and pelvic radiotherapy. When the abdominal
computed tomography (CT) image was taken during routine oncology follow-up, a lesion mimicking a serosal implant on the anterior abdominal
wall was detected. '®F-fluorodeoxyglucose (FDG) positron emission tomography (PET)/CT imaging was performed the suspicion of recurrence. It
was concluded that the lesion, which was evaluated as an implant in abdominal CT with "®F-FDG PET/CT imaging, was a spontaneously reducing
internal herniation. "®F-FDG PET/CT imaging in cancer patients is crucial in iluminating the suspicion of recurrent lesions in these patients and sheds
light on the course of the patients in oncology practice.

Keywords: Internal hernia, mimicking implant, '®F-FDG PET/CT, rectal adenocarcinoma

Oz

internal herniasyon karin ici cerrahi ve malignite ykUst olan hastalarda daha sik gértiliir. Biz bu olgu sunumunda, 7 yil 5nce rektal adenokarsinom
tanisi almis, cerrahi ve pelvik radyoterapi yklsl olan 58 yasinda erkek hastayr sunduk. Hastada rutin takiplerde cekilen abdomen bilgisayarl
tomografide (BT) karin 6n duvarinda serozal implant stphesi olan lezyon saptandi. Niiks stiphesiyle ¢ekilen '8F-florodeoksiglukoz (FDG) pozitron
emisyon tomografi (PET)/BT ile BT'de implant olarak degerlendirilen lezyonun, spontan rediksiyon yapan internal herniasyon oldugu sonucuna
varildi. Kanser hastalarinda '8F-FDG PET/BT gorlinttleme bu hastalarda niiks stiphesinin aydinlatiimasinda énemlidir ve onkoloji pratiginde hastalarin
seyrine 1sik tutar.
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Figure 1. Internal hernia is mostly found incidentally, the literature has reported that sometimes accompanying malignancies cause herniation (1,2). In
cases with an incidental internal hernia, atypical localization of the intestinal loops is often present without obstruction in the lumen. Internal hernias
occasionally show spontaneous reduction and are often confused with many diseases (3,4). Contrast-enhanced coronal (A) and axial (B) sections of
abdominal computed tomography (CT) imaging revealed a suspicious, cystic-necrotic appearing lesion mimicking the serosal implant on the anterior
abdominal wall. The patient had a history of low anterior resection (LAR) after neoadjuvant chemoradiotherapy. The patient had no clinical symptoms,
and tumor markers were at a normal level. The mesenteric fatty planes adjacent to the lesion were homogeneous, and no additional findings
consistent with malignancy were found on the contrast-enhanced diagnostic abdominal CT.

Figure 2. In patients with malignancy with a history of surgery, internal hernia should be considered in the differential diagnosis of lesions with
suspected malignancy. Before making treatment decisions, the contribution of oncologic '®F-fluorodeoxyglucose (FDG) positron emission tomography
(PET)/CT imaging, which reflects the metabolic status of suspicious lesions, is crucial (5,6). Findings that are not associated with malignancy but are
detected incidentally on PET/CT scanning are becoming more common (7). Coronal (A)-sagittal (B) and axial (C) sections of CT images, axial section
of fusion image (D), coronal (E)-sagittal (F) and axial (G) sections of PET images, and maximum intensity projection (H) image of PET/CT scan was
performed patient with a suspicious implant lesion on the anterior abdominal wall. '®F-FDG PET/CT scan showed that the suspicious lesion, which
seen on abdominal CT disappeared. It was observed that there was an oral contrast material passage in the existing intestinal loops in this region, and
there was no pathological '8F-FDG uptake compatible with the implant on the anterior abdominal wall. Thus, thanks to PET/CT imaging, we excluded
the diagnosis of implant and recurrent disease in our patient. When CT images of the abdomen were re-evaluated together with PET/CT images, it
was seen that the suspicious lesion was observed as a sac on diagnostic CT, and it was compressing the small intestines in this state. Additionally,
the convergence of adjacent mesenteric fatty planes and vascular structures into the sac was detected as supporting internal herniation. In a patient
with rectal cancer with a history of LAR and radiotherapy, it was concluded that the image that was first evaluated as an implant on CT was internal
herniation that was spontaneously reduced by '8F-FDG PET/CT scanning.
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'8F-FDG PET/CT Findings Overlapping Lymphoma in a Patient with
Systemic Juvenile ldiopathic Arthritis

Sistemik Juvenil Idiyopatik Artritli Bir Hastada Lenfoma ile Ortiisen '®F-FDG PET/BT
Bulgular
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Abstract

Systemic juvenile idiopathic arthritis (sJIA) is an important autoinflammatory disease whose first symptom is usually fever, and life-threatening
conditions such as macrophage activation syndrome can develop when diagnosis and treatment is delayed. sJIA is an exclusion diagnosis, and
there is no specific test that distinguishes it from other febrile diseases. We report the positron emission tomography/computed tomography
(PET/CT) findings of sJIA in a 12-year-old girl who presented with fever, rash, and arthralgia. "8F-fluorodeoxyglucose (FDG) uptake was observed
in the spleen, bone marrow, and lymph nodes in ®F-FDG PET/CT performed to investigate the etiology of fever of unknown origin. The result
of excisional biopsy performed with the suspicion of lymphoma from the left cervical lymph node with intense "®F-FDG uptake was reported as
reactive hyperplasia. PET/CT is an alternative diagnostic method for patients with fever of unknown origin. In this case report, we emphasize that
in patients with sJIA, there may be intense fluorodeoxyglucose-avid lymph nodes that may lead to the consideration of lymphoproliferative disease,
and PET/CT findings along with spleen and bone marrow involvement may overlap with lymphoma.

Keywords: '8F-FDG, PET/CT, juvenile idiopathic arthritis, fever of unknown origin

Oz

Sistemik juvenil idiyopatik artrit (sJIA), ilk semptomu genellikle ates olan énemli bir otoenflamatuvar hastalik olup tani ve tedavi geciktiginde
makrofaj aktivasyon sendromu gibi hayati tehdit eden durumlar gelisebilir. sJIA, diger atesli hastaliklardan ayiran spesifik testi olmayan bir dislama
tanisidir. Ates, dokintd, artralji ile basvuran 12 yasindaki bir kiz cocugunda sJIA'nin pozitron emisyon tomografi/bilgisayarli tomografi (PET/BT)
bulgularini sunuyoruz. Nedeni bilinmeyen ates etiyolojisini arastirmak icin yapilan ®F-florodeoksiglukoz (FDG)-PET/BT'de dalak, kemik iligi ve lenf
dugumlerinde "®F-FDG tutulumu gézlendi. Yogun '8F-FDG tutulumu olan sol servikal lenf digiminden lenfoma stiphesiyle yapilan eksizyonel
biyopsi sonucu reaktif hiperplazi olarak rapor edildi. PET/BT, nedeni bilinmeyen atesi olan hastalar icin alternatif bir tani yontemidir. Bu olgu
sunumunda, sJIA'l hastalarda, lenfoproliferatif hastalik distintlmesine yol acabilecek yogun florodeoksiglukoz tutan lenf nodlari olabilecegini,
dalak ve kemik iligi tutulumu nedeniyle PET/BT bulgularinin lenfoma ile ortiisebilecegini vurgulamaktayiz.

Anahtar kelimeler: '8F-FDG, PET/BT, jlvenil idiyopatik artrit, nedeni bilinmeyen ates
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Introduction

Systemic juvenile idiopathic arthritis (sJIA) is an
autoinflammatory disease that constitutes 10%-15% of
children with JIA and has different pathogenesis and clinical
features from other JIA subtypes. sJIA manifests itself
with quotidian fever and arthritis. The evanescent rash,
serositis, hepatosplenomegaly, and lymphadenopathy may
be accompany (1,2). The diagnosis of sJIA is an exclusion
diagnosis, and no specific test distinguishes it from other
febrile diseases. Other causes of fever, such as infection,
malignancy, systemic lupus erythematosus, and Kawasaki
disease, should be ruled out. Arthritis may not be present
at the beginning and may develop later. This complicates
the diagnosis and identification may be difficult even
for experienced physicians (2). '8F-fluorodeoxyglucose-
positron emission tomography/computed tomography
("8F-FDG PET/CT) can detect the underlying cause in about
half of all children with fever of unknown origin (FUO)
(3). Here, we report an adolescent patient with sJIA who
presented with FUO, whose findings were compatible
with lymphoproliferative disease in "®F-FDG PET/CT, but
lymphoma was ruled out histopathologically.

Case Report

A 12-year-old girl presented to the pediatric emergency
department with fever and joint pain. Her physical
examination revealed fever that reached 40.5°C, an
erythematous rash on her body, and tenderness in the right
knee joint. There was no redness or temperature increase in
the joint, and her other systemic examinations were normal.
Her hemoglobin was 12.7 g/dL, the leukocyte count was
14100/uL, platelet count was 281.000/uL, erythrocyte
sedimentation rate was 57 mm/hr, C-reactive protein was
81 mg/L, and ferritin was 5964 ng/mL. The microbiologic
examinations (blood, urine, throat culture) of the patient
were not diagnostic. Infective endocarditis and uveitis
were excluded with echocardiography and ophthalmic
examinations, respectively. A tuberculin skin test, thorax
and abdominal CT, and immunologic tests were normal.
No findings were found in the bone marrow aspiration
biopsy. ®F-FDG PET/CT was performed after obtaining
written consent from the family to determine the etiology
of the fever in the patient whose biochemical parameters
and fever did not regress despite broad-spectrum
antibiotherapy. Conglomerated lymphadenopathies were
observed in the bilateral cervical chain, more intensely
on the left, on F-FDG PET/CT [maximum standardized
uptake value (SUV__): 31.80]. Additionally, there were
several lymph nodes in the bilateral axillar and abdominal
regions that showed increased metabolic activity. Diffuse
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hypermetabolism was observed in the bone marrow and
spleen. No '8F-FDG uptake suggestive of arthritis was
detected (Figure 1). A histopathologic examination was
recommended from the cervical lymph nodes to exclude
lymphoproliferative disease according to PET/CT findings.
The result of excisional biopsy from the left cervical lymph
node was reported as reactive hyperplasia.

sJIA was considered with the presenting findings of
fever, rash, arthralgia, no response to antibiotic therapy,
increased acut-phase reactants, hyperferritinemia, and
the exclusion of other diagnoses such as infections,
malignancy, and hematologic disorders. The patient’s
symptoms resolved completely with appropriate therapy
(steroid and methotrexate).

Literature Review and Discussion

sJIAis an important childhood disease that remains difficult
to diagnose even for experienced physicians (2). The
disease can manifest with quotidian fever, evanescent rash,
serositis, hepatosplenomegaly, and lymphadenopathy. It

Figure 1. Increased '8F-fluorodeoxyglucose (FDG) uptake in the cervical,
axillary lymph nodes, spleen, and bone marrow in the patient on
maximum intensity projection positron emission tomography/computed
tomography image (a); bilateral cervical and axillary lymph nodes
with increased '®F-FDG uptake (b, c); intraabdominal lymph node with
increased "®F-FDG uptake and intense "8F-FDG uptake in the spleen (d)
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has also been thought for some time that sJIA is a polygenic
autoinflammatory disease comprising several diseases
of different clinical characteristics that have a common
endpoint resulting in marked activation of the natural
immune system. In nearly half of all cases, the disease is
characterized by relapses following periods of remission;
the arthritis usually resolves when systemic symptoms
are controlled. As for the other half of the patients, the
disease continues incessantly and chronic arthritis remains
a life-restricting problem when systemic symptoms are
eventually resolved. Moreover, there is a group of patients
who show all other possible clinical systemic features in
sJIA, but never develop arthritis (4,5).

In some articles published recently, the International League
of Associations for Rheumatology (ILAR) classification
criteria for JIA have been criticized as being inadequate,
especially in the diagnosis of sJIA (5,6). Early and effective
treatment of sJIA is important for preventing macrophage
activation syndrome. It is especially important to make an
accurate diagnosis before starting steroid therapy because
it can temporarily mask malignancy (2). However, arthritis
of at least of 6 weeks, as defined in the ILAR criteria is
unrealistic and can cause a delay in diagnosis. It was
determined that up to 50% of patients diagnosed with
sJIA in Germany did not meet the ILAR criteria due to the
absence of chronic arthritis (6).

The  Pediatric  Rheumatology International  Trials
Organization (PRINTO) criteria (2019) revising the ILAR
classification criteria, removed the necessity for arthritis in
the diagnosis of sJIA. The PRINTO criteria emerged because
of the process initiated to distinguish the diseases seen only
in children from diseases seen both in children and adults
by identifying homogeneous disease groups found under
the JIA umbrella term. Although the PRINTO criteria have
yet to be validated, they were created with an international
consensus (5). Our patient did not meet the ILAR criteria
due to the absence of arthritis, but she could be defined as
having sJIA according to the PRINTO criteria.

When the cause of fever of at least 8 days in a child
cannot be explained with a cautious and detailed history,
physical examination, and preliminary laboratory tests, it
is defined as FUO (7). "8F-FDG PET/CT is a valuable tool in
the diagnosis of underlying causes in adult patients with
FUO (8). As for children with FUO, most ®F-FDG PET/CT
data are limited, and a comprehensive study from 2020
provided the most detailed information. Pijl et al. (3) could
identify the underlying true cause of fever with "8F-FDG
PET/CT in almost half (53 patients- 48%) of 110 pediatric
patients with FUO. In this study, sJIA was the second
most frequently diagnosed disease, with inflammatory
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bowel diseases following endocarditis. The diagnosis was
established based on '®F-FDG PET/CT findings in three of
five patients with sJIA (3).

Clinical practice guidance for JIA proposed 'F-FDG PET
as an imaging method for the diagnosis of sJIA in 2018
(9). It is important to recognize the "F-FDG PET findings
of sJIA, one of the major causes of FUO, and remains a
clinical exclusion diagnosis. However, to our knowledge,
there is only one study in the literature investigating
characteristic '8F-FDG PET findings in sJIA (10). Kanetaka et
al. (10) evaluated the ®F-FDG PET findings of 59 patients
with sJIA and they suggested that their evidence might
be used as effective diagnostic tools in patients who do
not receive a firm diagnosis. These researchers identified
two different characteristic '®F-FDG uptake patterns on
F-FDG PET in patients with sJIA. In the group defined as
type 1, pathologic "®F-FDG uptake in the spleen and bone
marrow (especially red bone marrow reflecting systemic
inflammation) was observed, and no pathologic uptake was
detected in joint synovia. It is note worthy that the type 1
involvement pattern findings were similar to those of PET
in adult-onset Still's disease, whose characteristic '8F-FDG
involvement has been defined in the bone marrow, spleen,
and lymph nodes. Additionally, it was stated that findings
similar to the type 1 involvement pattern in sepsis and
bone marrow involvement in leukemia could be seen, so
the diagnosis should be supported through serologic tests.
As for patients in the group defined as type 2, characteristic
'"8F-FDG uptake was observed, suggesting synovitis in
inflamed joints, similar to patients with polyarticular JIA or
rheumatoid arthritis. Pathologic "8F-FDG uptake in the bone
marrow and spleen has not been described previously.

Our case is compatible with the type 1 pattern due to the
presence of bone marrow and spleen involvement and no
joint involvement. However, our patient also had increased
BE-FDG involvement in the lymph nodes in the cervical,
axillary, and intraabdominal regions. The cervical lymph
nodes in particular had very high SUV__ values (SUV__:
31.80). We estimate that the reason for the absence of
examples similar to our case in the article by Kanetaka et al.
(10) was patients being included in the study according to
the ILAR criteria. A case of sJIA has been reported previously
with "®F-FDG PET/CT findings mimicking lymphoma (11).
Here, lymphadenopathies were more disseminated, but
SUV__ values were more moderate (SUV__: 4.5-10.7).
There are also cases of lymphoma mimicking JIA in the
literature (12,13).

Based on the findings in our case, we emphasize that there
may be lymph nodes with increased metabolic activity that
can reach high SUV__ values in "F-FDG PET findings of
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sJIA, and a differential diagnosis with lymphoma should be
made in such patients presenting with FUO.
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